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an mtrai  "cawiiio  we  reserve"  proksm 

(Calanes  sS  speed  ys*  Vulnerability) 


<11#  of  the  injiorfcijftfc  fonturus  o?  th#  Mont#  Carlo  wer«gara#c 
problem  is  th#  calling  6T  r^o  by  the  units  which  encounter 

superior  trii;ny  for  US*  This  will  be  accomplished  by  build¬ 

up,  into;  the  liffttegy  of  the  Rea#,  a  special  proviso  according 
to  which  friendly  fore##  located  in  th#  vicinity  of  th#  unit 
ceiling  for  help  will  gel  a  preferential  rot  ion  towards  the 
trouble  spot.  Whereas,  in  the  oase  of  complicated  situations 
which  nay  be  encountered  ip  such  war  game  a  the  analysis  can  be 
carriedi  eut  or.ly  by  wont's  Carlo  method,  it  is  interesting  to 
consider  eon#  highly  simplified  case's  which  permit  purely  analytical 
solution#. 


We  take  here,  aa  an  euertpli,  a  linear  cage  in  which  two 

^sg^HEAvy  ^SLOW, oppos'hg  force#  send  out.#- .given 

fractia  0<  of  their  total  Strength 

to  meet  the  enesy  at  a  point  aerated 

half  way  between  then*  It  will  be 

V  ^ _ _  i  u  assumed  that  the  opposing  force* 

ev  in 

a  corprii#' equal  number  of  units, 

but  that,  whereas  the  force  H  eon- 
i  eists  df  alow  heavily  armored  unite, 

im  w*  /  t  . ,  the  waits  fornlnp  the  force  l  are 


m  /  .  ,  the  waits  rormnip  tn*  roroe  i,  srs 

^IriNT  ^ FAST  c'»'|,y  1o#R  Thw*> 


Fi*.  1 


-1- 


If  vh  and  *i  &»<'  the  speeds  of  ho, ivy  and  lipht  units  vt  have 


^  >  1  (1) 

Tha  effect  of  nvnQi'  (and  arrirwiont)  in  chfeyaol-ori/.od  hy  the 
numorioKl  vsmSmu  of  the  ('oeffioiotitB  K),  nnd  *n  the  LefleKests? 
equations .» 


“""or  *  k3**  c?c) 

_ Sj£.  »  Kh«h  (2b) 

where  h  an'  1  denote  tho  number  of  heavy  and  light  units  psruolfmtinr, 
in  any  given  engngsmortfc.  *  We  f-aKv  i 


Kl  <  i  (3) 

TT 

Wo  will  ancumo  that  when  the  advanced  unite  of  f.  *  '*o 


encounter  tho  advanced  unit  a  of  ll»forf*a.  «ne*  '  nd  ihcnfulvo? 
ir  a  loolng  position  (fceoaust  Ki  <  %)<  light  re  com  (the  enttra 
remaining  force)  will  bo  iurocHately  called  ,u»„  Tn  respect  to 
ll*forcan  we  Will  eonaider  two  extreme  caned  I 

f*)  Complete.  luteiH  gone#  c«ice wing  the  «ioVc*Ro)is<s 
of  t«r«effm»a.  in  flla  cr,-«*  will  be  called  in  stimu- 

terteouely  with  L-raaorvan,  but  wilt  arrive  nomewhat  later  beoauae 
of  their  lowar  ri<v',h 

(b)  Complete  lack  of  intelligence,  in  vtiioh  case  H« 
ru  nerve  a  will  b«  nent  In  only  when  I,*  rosaries  arrive  on  the 
battlefield, 

Thun,  whoreaB  l.-rasarvoe  will  alwaye  arrive  at  the  time 
»  r/y  where  ID  it  the  diatwoe  bf  the  yteemt  inm  the 


*2- 


batt'icflald,  H-reaervea  will  arrive  nt  Umust 

tg  e  “y^  (Ij*£ 

n 


t»3 »;  +f 


dfijisadirif;  on  li-MiUlJl(wnet .  I?  after  the  Jrriyal  of  H*r«*<trv* 
the  total  number  of  1i  and  I,  ohit-ff  will  leliefy  the  Unchister'e 
balance  condition,  both  forces  will;  continue  to  lore  #nu«*.ty 
percenter*  wiae,  end  the  battle  will  beuomea  drew.  Ve  want  ta 
find  the  relatione  between  the  K,  Al  and  ViAh  ration  which 


would  leedta  a  draw  for  varlou*  values  of  Pi  and  D. 


'hsi/d* 


ti  Njl  'N^s^  (jXV  *f  the  fcettlUlf  heavy  aftdiipht 
i  I  N  force*  as  (?iven  in  Fir..  2. 

- i— 

Different Utlnf  eeoh  of  the  equetione  (t)  witli  reaped  to  tine  eDi 

inoertihr  the  other  we  obtain  I 

*  *  -fee*,  *h  •  K?H  ($n) 


A  eohenetlo  picture  of  the 
c hence  in  the  wunhamU  and  -1 


*  K\*Kh  *I*  K- 


VH 


a 


-1 

If  wt  mefeduro  tine  ip.  X  units,  which  cert  bo  called  or.t  siaih 
onusticn*  (£ab)  b«ocwa#t 


d.lk 

-k. 

*r«- 

dll 

- 1 

•(  r«  t  ./ki '  kk} 

(6r) 

Jr' 

(6b) 

M id  h»vt 

the  solution#! 

k  *  a.  e_T 

V4ttr 

(7a) 

^  «c  c.-T 

'  +  4  e+ir 

(7b) 

Whore  four  coefficient*  must  l»  determined  bv  the  initial 

tionn, 

At 

T mO 

WO  httV*! 

u 

o.  +  £ 

“  o(  hi 

(«•) 

io  ■ 

c  +  ci 

»  <*  N 

(®b) 

f— ) 

loir/ 

am  — <X 

) 

+  •€  * -jl«N 

<fc) 

i  |IT  / 

Ip  i=  -c 

4*  dl  *•  V  hj 

(W) 

wharai 

P- 

/IT 

r  K<t 

(?) 

DaUmlninR  .aar  coefficient*  w*  roIi 

C X 

w  — i“  JV 

<L  * 

N  ( 1  +f“ ') 

(10a) 

c*±«H  Of5) 


(10a) 


d,  36  “J’  &  N  { l  (iod) 

Thus^lmrwdUtflly  »ft»r  th«  arrival  of  ll^hb  resemat 

k.  "  z«  N{(' + De%-< i -  r')^}  (1,„ 
t  •kAliii*?)*  '-f-(i-p)*' 

1  (lib) 

Th*  Unoaatar  aquationa  ar*  now  appliad  ta  the  tin*  intarval 

|*V^  JMM 

I  |  ■->  I  \  W#  uuo  constants  a,b,o,d  ovar  again 


writing; 

..  X  {  “  c  +  d.  (Mb). 

(jlr)1  *  ~  a  *  ^  (12o) 

($p  >»  »  — -C  4-cl  *  -  ft  ^  1  (1*d) 

Solving  th«M  amiatJlonB  wo  got  t 

a  &v  (a*) 

•i  *  ^  ( f*M  "  f^*^i)  (y**) 

c  t-  fO<)  '«•> 

(13i> 


Thus  at.  T^Ta.  »  afiar  arrival  of  H-raaama,  w«  obtain; 


The  condition  for  belanc#  for  «rsi 


i  oIk> 


T*T, 


I  JjitA 

?* 


Substituting  frost  (Iha)  and  (Utb)  and  eimplifying  we  finally 


obtain » 


l-h^r-e'1 


Kk  I  *  *=*  £ 


Which  the  desired  result. 

In  order  to  reproduce  thin  result  graphically,  w*  introduce 
the  notion  of  the  mean  tine  required  by  the  reserve!  to  respond 
to  the  cell  for  help.  Thue; 


7  a?*) 

with  perfect  intelligenee^wd 

f  -  /•nfr.-r.^  ttW 

with  no  intelligence « 

fhi#  eharacUrUe*  the  average  die  tenet  of  rename  from  the 
battlefield,  for  -sswfc-ftwsi '^U  calculate  the  value*  of  K^/lfh  *» 
the  function  oi  vWw  • 

Heavy  curna  in  Tig,  )  correspond  to  the  aemmptinn  1/3, 
whereas  the  light  curve*  tco^»  2/3,  Centinuou*  and  broken  line* 
correspond  to  the  above  Mentioned  caste  of  perfect  intelligence  , 
and  ita  eowplate  abaer.e#  (call  for  help) , " 


■6> 


ijs  ssUt*  first  of  *11  that,  *e  expected,  the  values  of 
K^/Kj,  needed  for  b»5  *.-.==  -^er***e  vith  the  increasing  vi3,t»ee  cf 
Vf  V„.  |f  the  curve  representing  the  actual  relation  between  the 
effcst-H'gftssr  sr^;  ability  of  the  units  rmi  lUfivr  than  the 
curves  shown  In  Fig.  |  heavier  unit*  sho-tld  be  dtocen  l.<  *r— 
faience  to  heavy  ones.  If  trie  actual  curve  rune  leas  atrep 
lighter  unit!!  *ho-ild  be  preferred*  The  curvea  of  the  Fin.  X 
can  be  also  used  to  select  a  gives  /  ti.s.  the  distant*  of 
the  rehorvsa  froa  the  fcsttlcfiald}  vn;ch  *41*  \j*  advantageous 
fer  any  set  c/  Yj  .<nt'  A  y;ore  detaf»«d  comparison  with 
military  *siHs  al  varfoi^-tzana  t'll  be  riven  in  the  next  report. 

in  interacting  Conclusion  following  from  Fig.  J  in  that, 
whtro'T  in  the  caee  of  parfeet  Intelligence,  equality  of  velocities 
{f./tfjj. -a  1.)  l»*ds  1-6  equilicr  of  effectiveness  =  *)»  **  ** 

not  at  all  ro  when  the  intelligence  ia  lacking  and  reserves  are 
called  in  only  when  higher  losses  are  suffered  on  the  battlefield. 
Thus,  for  example,  we  see  that,  for  *n,J  ^  m  6»7, 

11  ght  forces  will  have  t!w  edge  of  the  battle  even  theu?b  their 
effectiveness  is  bolev  60  percent  of  t  he  effsottvsneso  of  heavy 
forces.  This  apparent  paradox  is,  of  course,  nothing  but  the 
consequence  or  wie  old  •'diyitio  at  impere*  principle.  Indeed,  since 
in  this  case  light  reserves  are  called  in  imsdlataly  After  the 
encounter  of  advanced  units  takes  place,  whereas  the  heavy  reserves 
-efes*-t  only  after  light  reeems  arrived  to  the  battlsfjeld,  this 
advanced  heavy  forces  will  be  out  numbered  by  lights  during  the 
middle  part  of  tho  battle,  and  may  lie  substantially  do c troy erf  befora 


lH*  slaw  Van  re.nfsrciWj  era*  In.  ftr  if**  ii-s  lie  liny 
r«i«ms  trr.ttf  -Jrf  f*"'  rr*et'c*ll~  r;t!sln*-  left  Is  i« 
itS'tfcreed  and  ran  into  aqprrler  force  ef  liriiU;  *J>ti  lorin* 
th*  fm'ele  klCti 


MODEL  FOR  fUli  2fUi>T  of  TACTICAL  RESERVE  FORMATIONS 
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Gaoi V*  A.  Canon  and  Richard  2.  Zlsnontan 

lUprlntad  iron  Unpublis'nad  Notts  of  ih*  Authors 
Da  tad  Fobruary  19$h 


A  MODAL  to ft  THE  STUB*  Of 
TACTICAL  RBKRV5  rORMATJOW 


Introduction 

Th*  £6rt»*ntisnil  d*f*nair*  disposition  of  IM  troop*  An 
th*  eoabat,  ion*  hu  b**n  for  **v*ral  d*o*da*  apeoifiad  M 
H2  up  *nd  X  back."  This  M«n«  that,  in  th*  Infantry  Division, 

2  or  th*  3  infantry  r**i**nt*  ar*  oft*n  put  on  th«  MLR  whil* 
on*  in  hold  In  r***rva  >  Th*  i*n  can  of  ton  b*  said,  about  the 

3  infantry  battalion*  in  *aeh  reji**nt,  or  th*  3  infantry 
coMpani**  in  *aoh  infantry  battalion. 

Howavar,  th*  thraat  of  uaa*d  attack*  by  th*  Ruaaian* 
in  th*  futur*,  tog*th*r  with  poaaibl*  taetioal  ohanjaa  iri- 
duqad. br  th*  thr*ai  or  uaanf  -tant-iaai  A=**SftJ»ns,-.  suggests 
that  a  r**xaadnation  of  our  baaio  taotioal  ocwetpi*  and  for- 
Mtion*  i*  in  ord*r. 

Ind*C'i>  both  th*  Rusal  ana  and  th*  0*mana  on  th*  laatam 
Front  in  W¥  IX  w*r*  l*d  to  adopt  d*f*n*iv*  formations  char-, 
aot*ria*d  by  amltipl*  linns  and  daployad  in  gr*at  dnpth,  oftart 
to  as'KUoh  u  lu  kllcMtar*  or  nor*.  This  was  *yid*ntly  in 
raaponc*  to  thru**,  by  both  »id*a,  of  aono*ntratad  anaor- 
infantry  thruaii,  and  had  no  altar  parallal  in  opifation*  on 
th*  ¥*at#m  Front, 

Aa  part- of  a  g«n*rai  r**JU»Anation  of  ollr  ourr*nt  doo- 
trin««  w*  oonaidar  tha  utility  of  nodal*,  baaad  on  th* 


13 


Lanohsster  equations,  which  can  late?  be  extended  to  greeter 
detail  by  Hiking  uee  of  the  MDA  Analogue  Computer  now  being 
acquired  by  COMPLAB. 

Herein  cne  intriguing  calculation  growing  out  of  the 
above  program. 

Our  thenka  go  to  Hr.  X.  Lee  (CQMPLA8)  who  computed  the 
ourves  with  the  great  aoouraoy  required  to  find  the  optimum 
value*. 

EUaaulfia* 

In  order  to  treat  defensive  formationi  in  a  rational 
manner,  we  construct  a  eiaple  model  of  theee  fonaatione.  For 
purpoeee  of  thie  dieoueeion,  we  are  willing  to  oonaider  that 
the  troop*  on  the  MLR  are  distributed- alone  one  line,  and  the 
taotioal  reeervee  along  a  eeoond  line.  The  adequacy  of  this 
modal  ie  considered  at  thie  point* 

We  lmagin*  that  all  the  Red  foroes  faoe  all  iM  Blus 
foraea  along  ah  Infinite  homogoneoUe  front#,  (sec  Figure  1). 
We  further  euppoee  that  their  relative  strengths  ere  so  bal- 
ahoed  that,  were  the  Rad  force*  to  attack  within  any  eeotor 
or  front  L  yards  without  further  concentration,  then  the  re- 
suiting  bsttls  would  bs  s  dMw.»i.s.,  perosntag*  losses  on 

"results  of  the  calculations  in  this  memo  turn-  out  to 
require  ueuelly,  a  front  of  20  miles  or  lsss.  The  "infinite 
front"  is  mentioned  here  for  mathemibioki  reasoned 


lit 


both  aid's  era  equal  at  enr  iUf«  of  tha  battle  and  at  the 
end  of  the  eaeault  both  aides  would  hive  been  destroyed  within 
thie  attaok  Sector.  Note  that  this  Must  Man  that  tha  Rad 
forces  outhuafef?  the  Blues  by  so*c  factor*  since  the  defenders 
are  in  a  stronger  position  than  the  attackers, 

Ou?  problem  is  defined  by  inquiring  whether  any  advantage 
would  worue  to  th*  defenders  if  thsy  were  to  split  their 
foroee  into  tvs  line**  one  behind  the  other*  in  eons  definite 
ratio  of  etrengthfi  (?isu  o5-2)f  Thw'Slwir  uulild  than  take-ad¬ 
vantage  of  the  delay  in  the  advance  of  the  Red  foroee  (oooaeioned 
by  their  battle  with  the  firet  defeneive  line)  to  reinforce  the 
escond  line  dlreotly  behind  the  threatened  front  by  drawing  in 
troope  frcei  adjacent  portion*  of  th*  second  line.  Th*  reinforc¬ 
ing  troops  are  aaaUMd'to  taova  with  aoae  fixed  epeed*  V.  Wa 
shall  ahow  that  such  a  splitting  of  th*  defending  foro*  permit* 
the  defender*  to  deatroy  all  th*  attacking  fores  without  lcoaing 
all  their  own  mu. 

We  take  th*  Leneheeter  equation!  aa  dsioribing  th*  oourg*  of 
she  battle;  Th*  Mthesutiaal  derivation  is  given  in  the  Appendix. 
Here*  only  the  jmaults  ^  disoueeed,  V#  will  use  aolutiona  of 
th*»*  equation*  to  construct- graphs  of  the  following  oharanieri 
w*  plot  th*  number  of  Slue  men  -lost  at  th*  end  of  th*  attaek 
(expreeeed  in  unite  of  the  number  of  Blue  asn  initially  in  -the 
eeotor  of  width  fc)  on  th*  ordinate  againat  th*  peroentag*  of 


1$ 


troops  in  aF6»i  nttolmi  a m  ai*  *b Hi  to  rsnoh  ihr«atsn#d 
are*  during  tiw*  Rfd  forss?  art  d#f«AUng  first  iins. 


initial  Sim  strength  disposed  in  tha  Moond  line  (Firur«  l). 

Wa  a hall  g*fc  a  different  curvs  for  «aoh  value  of  the  apaad  V, 
aasuiwd  for  the  MOVaMani  of  tha  reserves. 

For  eiBpIlSiiy  w#  ask*  aavaral  additional  sssuaptione  whioh 
can  b*  aodifiad  latari 

1.  Tha  aasasad  equality  of  tha  Had  and  Blus  strength  (Had 
on  offanalva,  Slua  on  dafanaiva)  will  b*- expressed,  for  purpoaec 
of  tha  awthaMt-ioal  eilouiationa,  aa  assarting  aeon-side- nee 
aqua!  nujabara  of  troopa,  aaeh  with  tha  com  killing  power. 

2.  Tha  battle  between  tha  attacking  Rada  and  tha  first  Blua 
line  la  not  over  until  jU,  tha  Bluaa  in  tha  first  line  are  killad. 

3.  The  tiaw  for  the  Reds  to  move  from  tha  first  line  after 
ending  that  hattl*,.  till  thsjr  assault  tho  sssor.d  line,  wUi  fea 
ignored. 

4.  Novasant  of  Blue  raaarraa  into  tha  second  battle  line 
stops  whan  the  asoond  battle  dotasandta. 

With  these  assumptions,  tha  total  number  of  troopa  lost  bar 
tha  Blues  oan  ba  oaleuiatad  for  any  value  of  the  various  <jen- 
atanta  and- the -dssirad  graph*  oan  b*  eonstruetad,  Salaotad  ouma 
of  tha  raaulta  ars-showrv  lb  hgur*  4. 

Whila  it  la  poaaibla  to  axpraaa  thaio  raaulta  in  tha  diaan- 
sienless  fona  shown  In  tha  Appendix*,  tha  ourvsa  My  ba  Mds  nor* 


##a*  diio'uasion  following  aquation  (14)  in  Appendix, 


meaningful  by  untuning  arbitrarily  (a)  that  the  assault  sector 
is  1  mile  in  width,  (b)  initially  attains  1000  Blue  soldier* 
and  1000  Red  soldiers,  and  (o)  the  killing  power  of  eaoh  soldier 
in  this  Motor  is,  on  the  average  at  the  rate  of  1  enemy  soldier 
per  hour.**  Then,  on  the  graph,  V  *  1  is  interpreted  as  V  •  1  aph, 

V  e  5  u  5  aph,  eta.  Other  ahoieea  for  the  value  of  the  constant* 
mentioned  in  (a),  (b)  and  (o)  above  will,  g imply  alter  the  aotv'Si 
epeed- denoted  by  V  -  1,  V  -  5-  sto,  but  we  will  show  that  it  will 
not  ohange  the  Interesting  character  of  the  result# « 

Conclusions  for  thl!L.fir.»t  battle  > 

The  intriguing=  eharastsristio  of  the  reeults  i i  that  the 
optimum -Blue  etratogy  .  <■>  every  csss  favora  putting'  the  bulk  of  ita 
troop*  (Mi  or  more).  ir.  ths  .reeerm  :i>a.  matter.  .whtb-  the  gpmed-wiih 
whioh  its  reserve*  may  be  moved,  This  is  to  be  considered  in  terms 
cf  the  dootrine  of  tTwo  up  and  one  bask", 

Obviously,  with  suoh  a  simple  model,  the  drawing  of  ootiolua- 
ione  ie  dangerous,  Four  itatamenbi  suggest  theuelve? , 

(1)  The  model  ie  perhaps  more  a  picture  of  the  relation  of  the 
OPLR  to  thg.HLR,  than  of  the  KUi  to  the  reserve!  or  to  a  seaond 
dsfenslve  line, 

(2)  The  dieposition  of  US  troops,  oonventionally  doploy*d, 
must  be  studied  more  thoroughly  to  pinalt  a  valiC  comparison  with 
the  reeulto  obtained  here, 

WWih  tlrue  Unite,  a  battle  between  1000  Rede  and  500  Blue*  lasts 
3.3  minutes, 


n 


(3)  On*  or  inert  €< 9tnt-i.il  elaaenta  art  lacking  in  the 
nodal, 

(/*)  Study  of  nor*  detailed,  realistic  nodele  shssld  b* 
of  intaraat, 

Mjmlsl  jmmk  jmslsstex 

In  this  battle,  everything  will  be  m  before  moot 
that  tha  Had*  (attaokcre)  ara  aaiu»ad  td  hftvo  3  tinea  the 
coaibat  effaotirenaaa  of  tha  Blue*  (defendara) .  Not#  again 
that  thla  may  raquira  tha  Rads  %o  oufcnunber  tha  Bluaa  by  a 
atill  larger  factor,  dus  to.  the.-, greater  ooabat.  «ff«atiyyn§»i 
of  tha  ontranohad  defender#,  jjq,  Tha  raault  of  thia 
aat  of  battle*  it  given  in  two  different  fonaa, 

a.  Fiaur#  5  chaw*  thy  S pssd  ifith* which  -ths-  ■?«=- 

4 

aarva*  Muat  mor*,  in  order  that  tha  attackers  «f*  totally 
destroyed  along  with  tha  defender*  o twitted  to  battle, 
aa  a  fUnotiwi  of  ti*1  ...iroentaee  of  ■SIttgg-!»ri.gihdlly-48-;»g 

aarva. 

b,  figure  6  «*vaa  the  total -Slue  loaea  aa  a  function  of 
the  percentage  of  nluf a  initially  in  raaary#  for  a  fixed 
■peed  for  the  m»i*Yea  of  ao  silss  par  hour,  being  tha  bum 
unit*  aa  for  tha  flrat  battla  where  applioabla,  Thaa*  arat 

Initial  Blua  atrangth  ........600  nan 

"  Rad  »  BOO  Ban 

Killing  power  rate,  par  nan,  (either  aid*),.,.  1  aan  par 
hour 


n 


Fig.  5— Minimum  apcad  wlfh  which  rooorvoi  mud  mev*  to  onnihiicf* 
(!••.»  biu#«  of*  thcmcdm  wnlhildcd). 


TOTAL  EU_\Jil  LOSSES  W  UNITS  OF  AHITIXL  STMHCTh 


0  20S  40*  66*-  50*  100N 

*  M.UCI  QKIOM&L-*-  IN  NIWNV* 


•fli*  i  — 3lu*  (dofondou)  louts  voftut  ptrconfe;#  of  3luu  originally  in 
rttarvt  whon  »So  Rodi(oritckoi»)  hav*  thtoo  tfmat  tHo  combo*  •W«ctivfe= 
not!  o(  )ho  dluot: 


Laogth  of  front  lino  factor..... . ..1  all*. 

Th*  first  roauiU  show  an  optima  iiua  strategy  of  about 
5 li  in  »mK;  In  thi*-**?s  optima  strategy  la  isk*n  u 
favoring  that  percentage  which  jrlalde  a  draw  battlo  with  th* 
■In law  epeed  of  th*  roar***.  A*  th*  rigur*  5  ahowo,  that 
alnima  *p**d  la  about  It. 5  In  diaanalonlaaa  unite;  or  in 
taw  of  th*  a  a**  parameter*  uaod  on  page  7,  Hi.  5  all**/hour. 

This  sirtainljr  indicate*  a  Unit  union  an  tl*  generality 
of  th*  roaulta  found  in  th*  firat  battle  (ltl  odd*}  wharo  th* 
optima  blua  atrateg jr  waa  found  to  ba  84%  in  raaarva  or  owr, 
for  all  apeeda. 

Th*  raaulta  on  Figaro  6  ahow  tha  optima  Blua  *tr*t*gy 
in  tha  faea  of  3fl  odd*  with  tha  aaaad  flaed  at  V  ■  20  ph. 

Th*  optima  strategy  still  favor*  about  59%  in  th*  roaarvaa, 

Thu*  th*  optima  blua  atratagjr  favor*  larg*  f?«otlbns  In 
raaarva  whan  tha  opposing  aid**  ara  aora  nearly  aqoal  and  laaa 
in  raaarva  aa  th*  anaaqr  superiority  inoroaaas. 


Ths  lanchsstsr  satiations  ars  »  vsry  s lapis  formulation 
of  ths  pn>5?*»i  at  a  battls.  Thsy  ar»  disouassd  in  aany  papers 
(Cos  for  oxaspl*  ’iifi  i  rocoajnR  ly  Gaftow  af»ii  Hishard 

Zisaonun).  Thsy  epp*sr  initially  m  follows  t 

If  fi  ■  fiuwbsr  of  Rod  fighting  units  at  any  tias 
B  •  number  -£f  •51ss.-XiAtiss-a~its  -*at  any  tias 
kr  •  nuabsr  of  Blut  fighting  unit*  killed  by  fjgji  rad 
fighting  unit  psr  unit  tias 
ki,  •  nuabsr  of  Rod  fighting  units  killsd  by  sach  Blue 


fighting  unit  psr  unit  tias 


YvV  au 

\«./  -tiiwi  ^ 


Thsrs  ars  various  fora*  that  ths  solution  of  thsss  equa¬ 
tions  dan  tape*  Kara  w#  dsrivt  only  thoss  rsquirsd  for  ths 
problsa. 

tfs  nets  that  vs  must  ansvsr  3  questions  about  saoh  dhoirt 
of  the  peresntass-Gf  Blue  tfubpi  to  6*  put  in  rsasnrs 4n»grd#r 
to  datsmins  ths  corresponding  Blus  lossss. 

1.  Kov  nany  Rsd  troops  ars  lsft  aftsr  annihilating  ths 
Blus  treops  in  ths  first  lips?  (This- give*  ths  nuabsr  of 'Rids 
which  rssault  ths  sseond  lins,  hsrsinaftsr  dsnotod  by  Bqj)* 
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2,  How  long  doe*  thin  first  battle  take?  (This  1*  needed 
to  calculate  how  meny  additional  Blue  troops  can  bo  moved  into 
the  threatened  portion-??' vii?-5s2onti  line  bsforo  tho  avoond 
battle  ??*ris«  V?  will  denote  the  number  of  blue  troops  etart^ 
lug  the  aeoond  battle  by  Bq2) • 

3>  How  many  Blue  troope  are  left  (if  any)  at  the  end  of 
the  eeeond  battle?  (The  difference  between  the  number,  of  Blue 
aurvivora,  Btt  and  tha  total  number  of  filuta  soamltted  gives 
ths  numbsr  of  Bluss  lost  in  ths  overall  ■jigagement  and  Is  the 
ordinate  of  the  desired  ourvee.) 

To  anewer  ths  1st  and  2d  Qusstions  we  use  the  so  called 
'’Square  law."  To  get  this  vs  divide  the  two  uifferential  equs- 
Siona,  olissinatirsg-the  time. 


Separating  tha  variable*  and  Integrating  from  the  atart  of  the 
battle  to  any  later  time  give*  the  equare  lawi 
tt)  Rol  -  R2  -  kj  (Bol  -  B2  ) 

wh^re  Rj>l  "  initial  number  of  Reds  in  first  battle. 

»ol  *  initial  master  offfiuss  in  first  battle. 

Solution  for  MJ&Bk Jtl to?* 
for  the  fireb  battle  simplifying  assumptions  are  that 
kr  "  kb  "  1 

and  B  •  0  (Ths  Blues  in  ths  first  lins  are  annihilated) 
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or  (5)  K3-2  ~ 

con  l)«  solved  to  answer  tha  -first  nu»«tion  (and  the  third 
question  if  we  interchange  the  Hods  ana  5iue«)  as  aeon  as 
w*  know  the  initial  numbers  of  entering  three 

battla* , 

To  answer  the  second  question,  "How  long  does  the  first 
battle  laab?",  w«  return  to  the  original  equations  and  inte- 
grate  sq,  (2),  The  general  solution  la  I 


(6)  fl(t)  «  *****  ♦  be“Kt 
where  K  *  ^/^rkb 

and  a,  b  are  oonatants  to  be  determined  by  the  boundary  con¬ 
ditions.  The  appropriate  boundary  oondUiona  arei 

(7)  B(t  ■  o)  a  B0i  •  a  *  b 


(3)  g  j  ^  -  ^Mol  *  #K  -  bK 

Sitting  K  *  kf  -  1  by  our  assumption  we  get  from  substituting 

(7)  in  (3)j 

“Hc-1  -  v3ql-a) 


or 


(9) 


*  "  i  (Pol  *  Rol) 


and  substituting  back  into  (?)  gives 
(10)  b  -  i  (D0i  +  Rol) 

The  dseired  solution  is  then 
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(11)  B(t)  -  \  (B0  -  y,t  *  i  (Uo+Ho)*-** 
W#  wiih  to  aolva  thio  for  tha  tiiw,  T, 
whan  B  »  0. 

T*™#  0  -  i(Boi4loi)aT  -+  i  (go!  * 

or  fcUifepiyiHg  thru  by  *T  and  aanoalling  tha  j(j 
9  •  (Sbl-Hol)#27  +  (Bej  ♦  Xoi) 


or 


.JtT  _  ^(9ol  ♦  »oX) 


t  -  J  In 


4l  ♦  Bol 


Diyldim  thru-  tha  nuaarator  and  danaainator  of  tha  argwmt 
of  tha  logarithm,  by  B01  flvaa 


~r  •**'■*'  tha  faster -by-whioh  tha  Bluos  art  euim*^ 

ha  rad  in  iha  fiwtbalUa, 

'i**ii<*  (5)  and  <ia)  art  all  that  wa  naad  fron  tha  Lanohac 
taf*  aquationa. 


To  oMflata  tha  solution  wa  ealoulata  tha  nuabar.  y, 

•f  ralnforolng  troopo  tha  Bluaa  tan  bring  into  tha  thmtonad 
portion  of  tha  oacend  lino -during  the. tlao,  I,  that  tha  firat 
battle  laati.  Blnoa  thoaa  troopa  mvo  with  . a  apaad  V,  wa  hayat 


I 


vhar#  p  5  fraction;  of  Blues  troop#  put  in  saoond  dafansive  line 
and  *11  th#  othar  p#ram*t?r§  hava  bsan  dafinadt 
V  •  spaad  of  moyamant  af-riianrai' 

T  •  langth-ef  first  battla 

Boo  *  total  rumba r  of  Blua  trcopa  in  tha  t we  dafanaiva 
lint*.  bafora  tha  first  battle  * 

Cf. 

All  naoeaaary  aquation#  ara  now  available  since  wa  oar.  uae 
(13)  to  oaloulata  tha  number  of  Blue  troops  (b02)  starting  tha 
saoond  battlaj 

B02  •  rainforc amenta  +  troope  initially  in  eeeond  Jina 
or 

iU) 

Tha  last  atap  la  to  {nit  tbaaa  aquation#  in  Kdiman#ionlaaa 
form**  for  saga  of  calculation*  To  do  thi»  w«  Milt  ohooaa  our 
unita  of  troop  atrapgth,  tin#,  .and  langth  aa  follow# i 

a,  unit  of  troop  strength  -will  ba  tetil -r.usbor-sf -Blua 
troop*  initially  prsaerit  in  tha  saotor  of  langth  1* 
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oi  unit  of  iiss-sri.il  be  ths  lettgth  of  tins  required  for 
one  unit  of  either  eide  fc6  kill  one  unit  of  the  eneay, 
q.  unit  of  length  will  be  the  length  of  the  front,  t. 
(Bote  that  this  choiaa  gtvee  V  the  liaits  of  "length  of  front 
par  unit -kill  tisa".}  With  these  unite  tha  working  equations 
are  given  below  with  all  variable?  in  the  ditenaionlesa  form 
described  above, 

1,  To  aniwar  firet  question! 
fro*  (5)  1  -  Roi  *  (1-  p)s 

or  (15) 

2,  To  answer  tha  second  queitionj 


3.  To  enoWer  the  third  question 
(17) 

where  ia  given  by  (15)  above 

*nd  (IS)  [  go2  •  (ytp) 

. . . . 

wfcar#  (1?)  Fy"  2  VTp 

L-wnaWit . MU'  — 

The  above  calculations  give  tha  total  nutber  of  Blue 
survivors,  Tims  tha  total  maaber  lost,  0,  ia 
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0  *  ( total  aoBsifctsd)  -  total  aurvivpre 


or 


(20) 


C  ■  (l*y)  -  13, 


W»  inoluda  «  graph  (Flgura  ?)  of  aquation  (12)  and  «qu»- 
tion  (15)  wide!)  1»  uned  to  simplify  tha  calculation*  whan  much 
accuracy  in  not  required* 

A  uaaful  approximation  to  aquation  (12)  for  quiak  calcu¬ 
lation  i?  given  below t 

t  «  i 


Now  for*  r»l 

«  L±I  ‘  1 


And 

In  (1  +  i  )  »  § 


Hanee  for  larga  £} 

*  »  J» 

Solution!  are  required  to  anawar  tha  earn*  thraa  quaationa 
(pig*  14  and  1J)  *U  ready  poaad  for  th*  firat  battle,  Th# 
solutions  found  in  th«  prccauing  Motion  art  adequate  for  thia 
purpoae. 

Thua,  aquation  (12)  Will  giva  tha  langth  of  tha  battla  with 
th#  firat  Blue  lina  for  any  given  ratio  of  oombat  affaativanala. 
Than  aquation  (13)  will  giva  tha  number  of  Bluu  reinforcement* 
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SIIREXGTK  a?  »IS»MES!  R£I.*31*£  TO  LOSSA. 


vhioh  can  Move  into  the  threatened  portion  of  the  esoond  Blue 
*lne>  while  oh*  battle  at  the  firat  Bin#  line  progresses  > 
Equation  (14;  gi^sa  ths  numbar  of  Blue  force*  which  start  the 
battle  for  the  second  line)  while  the  square  lay  |#q,  (5)j 
will  give  th*  number  or  Had  survivors  from  ths  battls  of  ths 
first  line,  Finally,  us#  of  th*  square  law  again  #11  giv* 
ths  survivor#  of  ths  second  battle,  These  results  can  then 
b*  tabulated  or  used  to  make  the  graphs  presented, 


MONTS  O/ustO  MKTHOD  JN  WAR-OAMB  THEORY 
George  A.  Qmiov 


Reprinted  from  Unpublished  Note*  of  the  AUfch< 
D*t*d  4  April  1?52 


MONTE  CAIUjO  METHOD  IN  WAN»OAME 
- "Tf® - 

The  purpose  of  fch’Le  rsport  ie  to  discuss  the  possibility  of 
oon»fcn*«Ung  simplified  mod  si  5  of  various  tactisal  situations  which 
way  arise  In  var-Jone  types  of  military  engagements,  and  of  study¬ 
ing  theas  models  by  a  ta  tie  ties’.  method  bsssd  on  averaging  over  & 
large  number  of  games  played  according  to  fixed  ruin*  but  with  -ran¬ 
dom  ■election  of  individual  moves*  The  well-known  "Krisgspiel'f  in 
oheea  can  be  considered  as  one  kind  of  iuoh  a  modal,  although  the 
rules  pertaining  to  chess-figures  do  hot  seem  to  oorrespor4  to  any 
actual  Military  entities,  not  oven  probably  to  ths  implements  of 
war  dating  back  to  the  time  of  the  ancient  world.  Thun,  as  a  work¬ 
ing  example,  we  will  select  a  simple  model  corresponding  to  an 
engagement  between  two  upk  force:  in  a  partially  wooded  flat 
country, 

The  battlefield  will  be  represented  by  a  lattice  of  hexagonal 
fields  which  are  seleoted  because  they  correspond  to  a  higher  degree 
of  isotropy  than  the  regular  square  lattice  of  ths  oheeabossdj  A 
certain  fraction  of  hexagons  is  oroes-Hatehed  to  represent  the  wooded 
Aseas,  -whereas  ths  others  arm  white  corresponding  to  ths  open  fields. 

It  goes  without  saying  ihsfr  ths  regular  cheek  pattern  is  not  maintained, 
19  that  ths  cross -hatohed  hexagons  oan  be  olustsred  into  groups  repre- 
■anting  wooded  areas  of  different  dimensions#  If  ho  topographioal 
advantage  is  to  be  given  to  either  tank  force,  ths  pattern  must  be 
more  Ur  less  symmetrical  in  respeot  to  the  asntral  line#  One  euoh 
simplified  battlefield,  actually  constructed  An  OHO,  is  shown  in 
Figure  1# 
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Figuro  X 

7)13  two  opposing  tank  forces*  ten  units  ucoh,  ars  originally 
looatad  at  tho  rear  linao  of  tha  battlefield,  and  11  a  wi11  on 
eaoh  aide  consists  in  dioplaoenont  of  each  of  the  tanka  to  on*  of  the 
adjoining  hexagonal  fisldn  (although  not  fill  tanka  »uet  necessarily 
be  Moved) . 

If  tvo  opposing  fcank^  cone  to  adjoining  whit*  fields,  »a  hattl*w 
is  announced,  and  its  outo.ona  is  decided  by  tosoing  a  coin  or  a  die. 


<  jn  - 


If,  as  *ay  happen,  a  muring  tank  coees  In  contact  with  two  en«wy. 
tanks  «i*ultat:*cucly{  it  Must  "shoot  it  out"  first  with  one  of 
th.  tasks,  and,  if  victories,  t.th  ths  other.  (Mara  realistic- 
rule*  can  also  be  introduced  in  that  cose.) 

If  a  tank  os  *  white  field,  is 'In  contact 'with  ah  snowy  tank 
in  4  orcHs-fwicticd  field  (conuldered  as  oonoealed) ,  first 
tank  is  always  killed  (or  given  a  Much  higher  probability  of-beif$ 
killed  in  the  dlce-toeaine.prooeaa).  If  both  tank#  are  in  the 
woods,  a  battle  la  announced  only  if  one^of  then  movt  into  the 
field  occupied  by  the  other  (half  aea  distance),  and  the  outcooe 
is  again  decided  by  a  die*  . 

The  objectire  of  the  gaae  aay  bei  the  destruction  of  a  naxi- 
mum  ranker  of  enee^r  tanka  with  iceit  loiees  for  oneself)  the 
destruction  of  none  objective  located  at  the  reae-lin*  of  enaqr 
foreeej  or  atill  a  one  other  ai%. 

If  the  gaae  la  played  by  hand  by  two  individual*,  they  suit 
be  saated  (jujt  a*  in  olaiaioal  Krieg^Jpial)  -back  to  back,  facing 
their  own  ocpy  of  the  battlefield  showing  only  the  position  of  their 
own  tahks.  The  battles,  and  their  outoon#  it  announced  by  an  walre 
whs  observes  both  boards.  Several  such  genes  were  played  in  0N0,  and 
turned  0Ul9  vO  oe  aulia  asa^dss; 

?h#  aain  purport  of  thc  d4wi  4s=  however  .  a  randwa  Birring  in 
which  the  notion  of  eaeh  tank- of  both  foross  is  decided  by  tossing 
a  die.  While  in  «int«iHg*htH  playing  differ  ant  strategies  will  be 
Used  by.  players  t-h?** elvae,  Lr« tegy  in rando#  play  ssist  bs 

"inbuilt1*  into  the  rules- of  random  tank  nov*»«it.  Thus,  for  axawple, 
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the  atrAlcEjr  ol  tvmln-;  all  »-aitVn  »,»getngr  or  dispersing  that  all 
over  the  fiold  nay  bo  introduced  by  bringing  in  "attractive"  or 
"ropilsiro"  forces  between  tho  tanka  «f  tho  oano  t*nk  force.  Thin 
would  require  a  t*o-'*r±c4tion  of  a  s?splo  dice- too  nine  toahniquo  to 
the  extent  that  tho  tanka  will  haw*  preferential  probability  of 
moving  towards,  or  away  fro*  tho  center  of  gravity  of  other  tanka  of 
the  6&no  force. 

Playing  ouch  a  randuE  gaao  by  hand  would  certainly  bo  a  very 
lengthy  and  occupation,  but  tho  or.tiro  idea  do  that  game* 

should  bo  playod  by  un  olectronlc  cooputirni  ca  chine  which  can 
probably  accoaplich  a  fow  hundred  conploto  gonea  per  hour.  Among 
a  sufficiently  largo  sample  of  such  gases  played  under  tho  sane 
rule*  and  the  eono  initial  condition,  thoro  will  bn  a  largo  narcentees 
of  even  exchange,  but  there  will  also  bo  tho  gamos  in  vhioh  one  or  the 
other  side  achieves  a  deciaivo  victory.  If  one  plots  the  results* 
b exacting  ss  a  ctmfAaT.orinfcin  tho  number  of  viotorioua .  tanka  laft 
after  all  anew  tanks  arc  doutrayod,  ona  can  oxpoafc  a  curve  of  the 
type  ohown  by  the  solid  eurv»  in  Figure  2,  Tho  curve  will  be,  of 
oourso,  symmetrical  in  respaat  to  the  aontor  if  both  sides  have 
exactly  equal  adyants-ss  and  diwitdvanfcaggfl. 


Figure  2. 

Suppoee  i<3V  v *  lnoretne  the  spaed  of  black  tanka  ty,  say, 

10  paroant  (giving  black  Torcaa  11  hovds  per  each  IQ  moves 
of  thswhiteforoaa),  and  at  tha  same  time  depress*  their  sugar 
or  xir»  power  by  then,  2=-?,  1*5  against-  55  ehsnae  in  ths 

battla.  If  tha  increase  in  spaed,  exactly  balances  ini  inoriiiS 
in  vulnerability,  the  ourra  of  Figure  2  will  remain  symmetrical. 

If  tha  advantages  and  disadvantages  arc  Hot  balanced  up,  the 
curve  will  become  screwed,  shoving  which  choice  should  bo  made. 

Thus  the  above  method  should  be  able  to  give  a  direct  quantitative 
answer  cn  the  ralativ*  v»Aue  of  v-irioue  improvements. 

In  tha  eame  way  cn»  can  test  cut  various  strategies  by  giving, 
for  example,  a  oertain  degree  of  clustering  tendency  to  the  blaok  tanka 
and  of  dlepersing  tendency  to  the  white.  Or  else  one  oan  test  the 
relative  advantages  of  higher  speed  connected  with  higher  vulnerability, 
in  its  dependence  on  tha  typo  of  strategy  adopted  by  a  given  tank  force. 


!il 


It  goes  without  saying  that  the  pirtiauiar  example  dis¬ 
cussed  above  should  bo  considered  only  as  the  first  step  in  the 
dovelopsent  of  tbs  Hants  Oario  asthod  in  tha  study  of  taotinal 
■IvUatiOM*  If,  aa  la  expaoted,  vho  study  of  that  staple  example 
shows  nyosising  rosults,  tho  next  stop  would  be  thn  application 
of  aiailar  nathdds  to  other  possible  military  situations,  and 
tho  formUtion  of  nore  r sails  tio  rules  of  tho  gut.  Of  oruolel 
iaporUnt  hero  will  be,  of  oourso,  tho  solution  of  "modals" 

«Mt  appropriate  for  various  typos  of  actually  existing  situations, 
and  of  tho  sot  of  "rules11  for  the  gomo  which,  baing  suffiolwntly 
realistic,  would,  however,  nos  ovoroharge  the  abilities  of  wdat- 
ing  electronic  ccmputora. 
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Introduction 

•*  «•  ««*  •*•  Um  mm  m* 

The  tentative  project  "Tin  Soldier"  "sponsored"  by  George 

(1) 

Oumov  As  investigating  the.  application  of  eleotronio  computers 
to  be  problems  of  "Monte  Carlo  War  Qameiu"  Tin  Soldier  is  work¬ 
ing  closely  with  the  Computation  Laboratory  and  also  with  Project 
ARMOR  since  the  first  group  of  problem  to  be  attacked  concerns 
tank  battles*  It  is  contemplated,  however,  that  the  same  method* 
will  be  applied  for  the  solution  of  problem*  for  all  possible 
kinds  of  military  Units*  Certain  men  from  the  Los  Alamos 
Soientifio  Laboratory  have  participated  in  the  initiation  of 
this  wor »!2)  partly  due  to  their  aooess  to  a  MANIAC  Digit*! 
Computer  and  the  IBM  CPC  II.  While  no  oomplete  problems  have , 
been  run  on  these  machine*  due  to  the  pressure  of  other  work, 
enough  work  v&s  dorm  to  convince  pr,  Georg*  (know  and  the  Los 
Alamos  Laboratory  men  that  the  idea  showed  promise. 

Tin  Soldier  hopes  to  provide  a  technique  for  the  detailed 
analysis  of  military  taotioal  dootrineo  and  weapon  design  whioh 
approaches  muoh  more  closely  the  niiitary  realism  of  an  actual 
battle  (or  at  least  praotioe  maneuvers)  than  docs  the  dimple 
mathematical  analysis  of  the  past*  It  proposes  to  do  this  by 
using  tho  aaohine  capacity  for  massive  and  tedious  calculation  to 
"play'*  a  test  of  military  chess  gams  or  "Kriegapial"  but  including 
i,  See  preceding  paper. 

i,  See  Appendix  A  for  a  description  of  this  work* 


&  very  totalled  description  of  the  taotios  and  weapons  designs. 

We  doacriba  the  general  nature  of  tho  Tin  Soldier  apprcsoh. 
Imagine  that  a  contour  map  is  marked  to  indicate  th» 
positions  of  tea  opposing  tank  unite*  Call  them  tho  Clue  and  Hed 
•idea  respectively,  Suppose  that  one  man  direct*  the  Blue  aide 
and  another  direots  theRed  tlirough  an  inwglnary  battle.  One  way 
to  organiae  the  progress  of  this  battle  would  be  for  the  twe  man 
to  agi’eo  tv  s  sot  of  rules  like  the  following  * 

(1)  Each  Man  in  his  turn  ic  pe twitted  to  move  hia 
tanka  a  diatanoa  vhioh  would  oorraapond  to  10  aaoonda 
•lapsed  tie#  on  the  real  terrain,  dor^istant  with  the 
capabilities  of  the  tank. 

(2)  After  eaoh  nan  noves  hii  tanka  according  to  hia 
military  good  sens*;  tanka  within  rang#  are  aagumad  to 
bring  fira  on  tha  opposition..  The  winner  of  tank  duels 
is  decided  by  flipping  a  loaded  coin  vhioh  is  supposed 
to  expreea  tha  odde  on  tha  battle  outcome  in  actual 
fighting  between  these  tanka.  For  example*  if  the  Slue 
tanka  art  Kite's  armed  with  90  rnn  guns  and  the  Red  tank* 
ara  the  Qtrmen  Kk  Ill's  armed  with  a  50  ma  gun,  then  it 
night  stake  military  aensa  to  give  the  Kite  four-to-ona 
odds  over  tha  Kk  HI.  The  loaded  coin  should  therefore 
name  tho  KI46  the  winner  60S?  of  the  time  and  the  Mk  lit 
iOH  of  tha  time. 

(3)  The  battle  is  over  as  soon  as  all  the  tanks  on 
either  side  have  either  been  knooked  out  or  have  success¬ 
fully  withdrawn  from  the  battlefield. 

The  above  set  of  rules  merely  deaoribes  a  kind  of  nap  exercise 
long  used  for  the  training  pr  ofnowre,  We  note  that  rule  (1)  is 
so  phrased  that  the  wen  playing  the  game  are  required  to  be  familiar 
with  iii«  ua»  of  tank#.  They  exercise  thoir  military  judgement  it 
every  atep  of  tho  game.  Oontrarlvino,  ruin  a  (2)  and  (3)  are  quite 
aJjf&a  and  do  not  require  trained  mon  to  apply  them.  They  do 
however  require  trained  men  for  their  formulation.  The  urux  of 
the  Tin  Soldier  approach  is  to  liava  t, rained  men  replace  ths  vague 


rule  (1)  by  a  gat  of  vory  specific  rules  which  laymen  can  fGHovi 
If  this  can  be  dona  and  ofclll  make  soma  military  senso  thon  the 
rules  cab  bii  put  dirootly  into  mathematical  form  and  the  entire 
"battle11  run  out  on  desk  calculators  by  gani-skilled  tschnioinns. 
Or  Die  buttle  esa  bo  fought  many  hundreds  of  timoe  more  quickly 
on  m electronic  computer. 

It  in  Tin  Soldier's  contention  that  this  oan  bo  done  well 
enough  to  make  military  sense. 

The  above  set  of  ruloa  also  brought  into  tho  picture,  In  a 
very  natural  way,  a  probability  function.  That  le,  the  outcome 
of  a  tank  duel  wan  nob  specified  ng  a  certainty  but  rather  an  a 
weighted  probability.  In  this  faohion  an  oxooodlngly  long thy 
account  of  all  the  dotailod  factors  which  actually  dotormlno  who 
win.?  in  *  M-ii6rMkin  duel  wan  avoided.  Tin  Soldior  hopes  to  be 
able  to  make  extensive  use  of  such  simple  probability  functions 
in  setting  up  tho  rules  controller  g  the  battle.  This  would  serve 
two  purposes j  (1)  it  is  probably  a  necessary  step  in  reducing  tho 
complexity  of  tho  battle  rules  to  the  point  whore  they  aro  tract¬ 
able  for  machine  calculations}  (2)  they  will  help  to  indicate 
how  sensitive  the  outcome  of  a  specified  battle  would  be  to  i/he 
confusion  always  present  t<J“now«  degree  in  aotual  battle. 

The  range  of  problems  which  Tin  Soldier  should  bo  able  to 
investigate  coincides  with  tho  degree  of  detail  inaluded  in  the 
rules  of  the  game.  Thun  to  tho  extent  that  there  are  detailed 
taotloal  rule*  governing  the  progress  of  tho  battle,  modi fioa tiers 
of  these  taotioal  rules  will  demonstrate  their  strength  and 
weakness  by  their  influence  on  the  outcome  of  the  battle.  All 


tactical  problems,  all  questions  of  weapon  design,  whether 
following  conventional  or  um-onvenUorol  linos  aro  pobonfcially 
proper  subjects  for  investigation  by  thin  approach,  'flto  limita- 
tlun  is  simply  iispossd  by  the  ufia  factor!  how  compile a ted  a 
battle  the  iwchliso  can  prooooc  in  a  reesoiwhlo  t:lno» 
i  Toflbjroblo^, 

Oonvta’fiaUomi  junt  nomplobed  by  M  sd  hgo  eommlHto  under 
ihe  direction  of  Dr.  Nioholan  Smith  and  Including  both  0110  and 
Lee  Alamos  Laboratory  psrsannui  havu  moulted  in  ths  foivmila* 
tion  of^a  simple  tank  breakthrough  problem  with  some  intrinsic 
merit.  However  thin  problem  is  not  o>cpootod  to  nupply  mean¬ 
ingful  military  answers  about  tank  design  or  hooting  but  in  t0 
bo  usod  to  explore  in  more  detail  fcbn  toohniquro  of  reducing 
ft  description  of  the  rule-a  by  which  tho  tank  battlo  evolves 
to  the  simple  mathematical  language  amenable  to  maohlno  calcu¬ 
lations. 

For  the  cake  of  oonoratonong-  the  tost  problem  ia  inter* 
proted  an  supplying  an  answer  to  tho  quoobionj  "In  attnoking  a 
dofonslvo  lino  of  tanka  posaeoaing  a  mobile  rooorvo,  is  it 
bottnr  for  tho  altnokern  to  invest  a  fixod  sum  of  money  in  many 
light  tanka  or  fewer  heavy  tank*?"  A  lisoor  relation  in  6BBuin«i 
fcotwoen  tho  weight  of  a  tank  and  itn  nontj  between  tho  voight  of 
a  tank  and  tilt  weight  sf  its  armowj  arwj  bobwoen  the  weight  of 
a  tank  arm  tho  thickness  of  tho  armor  which  the  gun  it  carries 
can  penotrato.  Conventional  banks  hnvo  boon  found  to  obey  very  roughly 


Sr«All!'IThn0'.1  fV,10*!  ?,!Vl’rUn«  tlio  general  ruloa  of  tho 
for V £putor!f0tnilOU  f°m  n9Bot!fia,'y  r°r  ao‘linS  the  problems 


(l) 

than  a  relations.  Currant  AmorlotUi  fcnrik  parameters  will 
bo  used  to  fix  the  valua  of  any  conutanbo  required  in  bho  abovo 
relations.  Tho  coat  in  dollars  of  all  the  attacking  banks  is 
bo  be  equal  bo  tho  cost  of  all  the  dof sudors. 

Tho  rulas  of  tho  game,  taken  together,  specify  tho  physical 
oapabillbioB  of  tho  bankn  and  bho  taction  bhoy  employ  In  bho 
battles  'Hie  general  oharaafesr  of  tha  rules  adopted  by  tho 
donsTiitbee  is  aa  follows « 

(1)  Thero  shall  bo  10  defending  banks,  part  of  thorn 
oommibtad  bo  hold  n  defensive  lino,  and  rootriotod  in 
their  maneuvers  to  motion  along  tho  lino.  Tho  defensive 
tanks  not  committed  to  the  line  will  form  a  mobile  ro- 
sorva.  Thoy  will  roinforoo  any  threatened  oootlono  of 
bho  defensive  lin6, 

(2)  Tho  attaekors  will  be  variable  in  number  accord*, 
ing  to  the  rootriotiono  on  coot,  woight,  armor  thickness 
and  gun  already  described.  Their  miooion  will  bo  to 
advance  through  bho  defenders  and  roaoh  a  "goal  lino" 
behind  the  defending  tanks.  Tho  gamo  will  bo  ovor  when 
some  snooifiod  number  of  the  ottnokero  (probably  all  sur¬ 
vivors)  roaoh  bliio  goal  lino,  or  when  all  tho  banks  on 
oithor  side  aro  doutroyod.  Tho  taotloo  of  tho  abtaokorn 
will  bo  to  probo  the  defoimivo  lino  for  a  weak  spot  co  no 

to  avoid  a  frontal  assault  on  tho  defensive  lino  if  possible, 

Tho  oommibtoo  further  aoooptod  tho  following  rooommondntionB 
for  di, rooting  those  initial  <ucploratory  calculations  i 

(a)  Thu  complete  game  eWcid  bo  restricted  so  as  to  tako 
fee  order  of  one  sdmito  of  running  time  on  the  MAHIAO  (or  ORDVAO  > 
rwohine. 

(b)  Calculations  should  bo  oarriod  out  for  at  least  two 
different  terrains. 


(1)  Aooordiwt  to  a  private  oommunloation  with  Hr,  8,  Bonn,  of  the 
British  OHO,  temporarily  with  ORO,  There  aro,  of  course, 
many  variations  from  this,  generally  in  tho  direction  of 
lighter  guns  than  the  rule  suggests. 

!i9 


(o)  A  total  of  10  to  100  games  should  bo  played* 

(d)  Tho  tactics,  oi*  rules  of  notion  of  tho  banks,  should 
bn  varied  over  a  few  of  hh-  games  at  the  start  to  insure  that 
thorn  will  actually  he  a  contest  between  the  opposing  tanks 
and  to  dsSrhmlno  hew  nmwlfclve  thn  nuteono  of  the  gamo  is  to 
moderate  variations  in  thane  taction, 

(a)  The  exploratory  program  should  Include  at  least  a 
ley  games  cod ad  for  or  actually  run  on  machines  other  then 
the  MANIAC,  o.g.  the  UHTVAO,  Dofcnsa  Calculator  and  FEflteHTI 
style w  Further  the  coding  of  this  problem  for  the  proponod 
Doll  Tolophono  Laboratory  rotating  drum  computer  should  be 
Investigated. 

(f)  Various  approximations  for  the  oalculation  of  th< 

distanoo  from  ono  tank  t*  another  gay  be  used  in  the  interest 

of  simplicity  and  saving  of  time.  Thu  oxaot  oalculation  of 
2^  .  V 

(x^  -  x?/  ^  (y^  y>) ~  involve*  two  multiplications.  More 

xn,  y^  aro  the  coordinated  of  oho  tank  and  *2,  yj  ar°  tho 
oooruinntoo  of  the  second  tank.  On  tho  MANIAC,  thn  bimo  for 
ono  multiplication  in  l,d  milli- aooonda  (0.0015  eso). 

A  slnglo  addition  (nr  subtracts**'  nnly  about  l/l jO  of 

this  or  about  lit)  micro  Rne«_>nda.  ilnsce  the  in  tor  oat  In  ro- 
duolng  the  number  of  multiplications  rc.pii.rod  in  the  oourso 
of  tho  game. 

(g)  Tho  program  uaimrihed  above  iy  sxpsutwl  to  require 


about  l  man-year. 


Machine  Gajiaoiby^ 

Before  nobbing  up  a  program  for  Tin  Soldier  wo  munt 
doduoo  tho  limits  imponod  on  ouch  a  program  by  a  oomputor'o 
capacity  for  calculation >  Thus  wo  must  consider  the  gonoral 
nature  of  tho  probloma  Tin  Soldier  proponon  to  study. 

To  this  end  wo  now  suppose  that  we  have  found  a  net  of 
rules  which  dofino  a  militarily  r calls  bio  tank  battle,  Suppooe 
farther  that  it  is  (io aired  to  dotarirdna  the  optimum  oompromiso 
botweon  the  amount  of  armor  that  a  tank  of  opaoifiod  total 
woight  should  carry  an  oppocod  to  tho  size  (weight)  of  tho 
gun.  Tills  compromise  can  only  bo  oxpuotod  to  bo  optimizod 
for  a  partioular  stylo  of  bnttlo  and  for  nation  against  a 
particular  stylo  of  onomy  tank, 

Tho  firot  stop  in  tho  calculation  is  to  aosign  a  value 
to  the  weight  of  the  armor  and  tho  woight  of  tho  gun,  Then 
a  ouffloiont  number  of  games  must  bo  played  with  this  particu¬ 
lar  choice  of  weights  to  ostablloh  tho  distribution  of  win- 
Iobo  probabilities.  If  a  hundred  gomes  wore  played  tho  result 
might  bo  an  shown  by  tho  histogram  in  Fig,  1, 
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This  histogram  ahuww  th»t  Um  DIum  have  the  edge  in  the 
battlo;  they  won  65#  of  the  battles  and  loot  35#.  The  (arithmetic) 
moan  outcome  woo  a  Dluo  victory  with  1 \.l$  of  ito  tanka  surviving, 
The  standard  deviation  of  this  mean,  tint  In  bhn  interval  innide 
wliloh  wo  are  67#  confident  that  the  true  moan  lieu,  io  13.2  i  /(# 
(approx. ) 

One  moot  note  that  a#  tho  cUeporniun  (broadness))  of  the  win- 
loe<?  frequency  euro  decreases,  an  doss  tho  number  of  gamoa 
required  to  outabllsh  5f«oifiad  confidence  limits  of  tho  moan. 

Thun  one  cannot  toll  beforehand  how  many  gamon  mu at  be  played 
to  establish  tho  moan  battle  results.  It  la  felt  however  that 
if  tho  frequency  curve  la  so  broaa  turn  100  games  will  not  bo 
sufficient  to  fly  the  ssan  to  within  about  5#,  thon  tho  reoulto 
are  probably  not  believable  anyway.  In  other  words,  one  would 
probably  require  a  ratlior  clear  cut  indication  of  a  doaign 
superiority  from  such  prablcmu.  This  would  provido  a  margin  of 
asfety  against  being  mislead  by  the  eimpil Tying  aaaumplloha  tioad 
in  formulating  the  rulon. 

To  continue  thin  hypothetical  problem.  ou«  pur pee*  was  to 
ops.tif.viso  the  armor-gun  compromise  in  the  fJluo  tanka.  The  100 
game  a  played  above  save  uu  tho  v;;r.  battle  ability  of  tho  Dluei 
for  onj  euoh  compromifto. 

Wo  must  now  choeeo  another  value  of  thie  weight  ratio  and 
play  another  Btt  of  (about)  loo  jatnoB,  For  each  net  of  100  game  a 
we  will  get  one  point  for  the  conntruotian  of  the  following 
cupvoj  (Fig.  3)  flee  page  y. 


The  curve  In  Figure  2  la  very  well  defined  by  10  points; 
thus  about  1000  games  are  required  to  develops  it.  The  result 
of  these  hypothetical  calculations  then  is  that  tha  optimum 
(Armor  Weight  ) 

(Armor  jT6tS  Voig'nt)  ratio  le  about  ,4  for  the  game  with  this 

particular  cot  -;f  tactical  rules,  for  this  particular  enemy  tank 

design,  for  this  particular  torrain,  and  for  the  particular 

woapon  systems  involved  in  the  battle. 

Only  to  the  extent  that  we  believe  the  game  has  socked  up 

a  real  military  situation  do  wo  also  bolieve  that  ,4.1a  the  best 

Armor  weight!  ratio  for  a  tank  oporfltii?g  in  that  military  situation. 
Sun  /  Armor  ; 

In  order  to  develop  confidence  in  th?  above  result  it  will 

probably  be  necessary  to  determine  how  sensitive  the  final  result 

in  to  moderate  changes  in  the  rules  of  the  gome,  Vo  might  have 

to  reject  the  answer  if,  for  example,  only  blight  changos  in 

terrain  cr  in  the  taction  would  radically  alter  the  optimum  Armor 

Armor  /  "un 

woight  ratio.  Thun  we  are  obliged  to  repeat  thd  entire  process 
(involving  around  lOwO  garaep)  for  various  altered  but  similar 
games.  Perhip?  10  such  repetitions  would  ue  the  order  required, 
Thus  the  total  number  of  gameo  required  to  make  a  fairly 
detailed  unalyeie  of  the  ARM03-0UK  weight  rAtio  under  Hnaeif|«d 
siroumetanoes  may  be  on  the  order  of  IQ1'  games, 

If  eaoh  game  took,  on  the  average,  one  minute  of  computer 
time,  then  this  ropreeenta  about  1  full  months  work  on  the  MANIAC, 
ORDVAC,  UNIVAG  or  Defense  Calculator. 


•ill 


It  should  now  bo  clear  why  tha  tins  problem  is  a  serious  ono. 
There  are  at  least  5  linos  of  attack  on  the  lifts  limitations. 

(1)  Intensive  Investigation  of  coding  short  cuts  and 
approximations  to  replace  tine  consuming  exact 
calculations. 

(2)  Use  of  analytical  calculations  whore  possible  to 
replace  suh-routinos  involving  atoohaetio  variables. 

(3)  Reduction  in  the  generality  (i.e  the  number  of  probar ..;uy 
paramstora)  of  a  game  with  consequent  deoreaso  la  ins 
number  of  games  required  to  fix  the  mean  battle  outcome, 

(It)  Hake  maximum  uae  of  small  unit  gaae  result*  before 
considering  large  unit  actions, 

(5)  Press  Erie  investigation  of  the  uss  of  symbolic  logic 
which  lends  iteelf  more  eaeily  to  coding  for  the  Bell 
Telephone  rotating  drum  machine.  If  sucoeesful,  thin 
approaoh  could  reduce  the  time  required  to  play  one  - 
gme  by  a  faotor  of  perhaps  1000,  In  such  a  Oreeo,  10^ 
garaee  could  be  played  in  a  matter  ef  minuteB  on  hours, 
instead  of  the  month  suggested  above. 

ISITIAL  CONDITIONS 

•  si! I  ■ » • »  ■  <»»• "  1  ““U 

In  the  preceding  section  an  outline  was  given  of  the  manner 
in  which  a  computer  might  be  used  to  optimise  the  division  of  weight 
between  the  rpser-  of  a  tank  and  the  gun  it  carries,  In  order  to 
carry  out  these  calculations  It  is  necessary  to  establish  a  definite 
relation  between  the  weight  of  a  gun  and  its  penotrating  power, 


>.le»riy  there  H  nt*  one-to-one  c  -rresF-^dente  between  theso  two 
factors,  i.o, ,  a  'CkX  p.<unu  weapon  might  bo  a  nigh  velocity  76  affl 
gun  firing  an  dj-sor  piercing  shell ,  or  a  Jew  velocity  1C5  n=  howitzer 
firing  Hr.iT  rounds  (sfMpo  cbirgea),  op  .«  pocKet  launcher  firing  1000 
pound  projortl  tea.  ouch  weapons,  even  though  their  woight  ar,y  be 
the  some,  would  niffer  widely  not  only  in  armor  pwiof.rnticn  at  opfii., 
fixed  range,  Hit  also,  in  many  other  (.Imrartorintlcsa  such  as 
accuracy,  time  between  ma.iur  nmintennnee  »f  the  weapon,  and  the 
nuflibor  of  rounds  of  ammunition  whirh  can  bo  carried.  Thus  boforo 
the  calculation  described -shsye  could  be  started  it  would  be 
necessary  to  decide  wh  it  kind  of  weapon  would  ho  considered  and  to 
fashion  a  realistic  measure  of  tho  penetrating  powor  of  tho  wonpon 
versus  its  weight.  Any  significant  improvement  in  tho  design  of 
armor  penetrating  weapons  would  render  the  entire  calculation 
obsolete  and  it  would  have  to  bo  repented  using  tho  new  gun  para¬ 
meters.  This  onphaslzoo  again  tint  a  computer  playing  tho  Tin 
Soldlor  game  i*  only  an  analytical  tool  for  use  with  data  and 
iiomimptions  derived  by  ar.r-jo  other  proctas 
CHKCKIHQ  rnOGF.pUp,K3 

Here  fts  oleewhere  in  military  research  and  development  one  has 
no  insurance  against  mial-ukas  of  Interpretation.  Only  a  full  scale 
war  can  provide  a  completely  valid  teat  or  military  doctrines, 
hreoienly  the  same  measures  must  be  token  with  any  reoulta  of  Tin 
Soldier  as  are  talion  with  any  other  analytical  results.  One  can 
oheok  tho  results  against  historical  hat  ties;  one  nan  introduce  the 
results  into  maneuvers  of  troupn  tj  teat  their  efficacy. 
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BJLAROIMQ  THE  SCOPE  Or  THE  PROGRAM 


formally  it  is  clear  that  the  rales  of  \  gome  need  not  be 
interpreted  or  describing  a  battle  involving  tanks.  Thus  if  we 
assign  one  of  the  maneuvering  elements  an  operational  speed  of  2 
miles  hour,giv#  its  weight  at  2CO  pounds,  supply  no  armor 
and  a  weapon  able  to  penotrate  3/8  inch  of  armor  at  a  range  of 
100  yards  together  with  the  ability  to  cross  every  kind  of  terrain, 
then  we  make  senssf  if  we  oall  thio  maneuvering  element  an 
man  or  squad,  Thue  to  a  reasonable  approximation  the  problem  can 
be  made  to  include  entire  weapon  systems  by  merely  altering  the 
numbers  associated  with  the  firepower,  mobility  and  vulnerability 
of  a  unit. 

Of  courae  th*  detailed  Uafeios  employed  will  vary  from  one 
weapon  to  another,  but  within  limits  this  oan  be  taken  oare  of  by 
altering  the  probability  parameter!  which  control  the  motion  of  the 
unit  and  degree  t>f  interaction  with  other  unite.  Thus  the  call  for 
help,  the  enveloping  maneuver,  a  probing  for  a  weak  section  of  the 
front,  the  concentration  of  weapons,  and  setting  up  a  stationary 
strong  point  arc  factor!  common  to  varying  degrees  in  the  employment 
of  all  Weapons . 

In  prinoipls  t;;«n ,  «>h®  crpblsa  oan  be  enlarged  without 
introducing  any  new  difficult!**  except  top  the  increased  time 
required  to  play  the  game.  Any  desired  complexity  in  the  terrain, 
the  tactics  er  the  weapon  systems  oan  be  put  into  bha  game  in  a 

v  s 

iimpli,  direct  but  time  consuming  manner,  If  the  approach  adopted 
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by  Tin  Soldier  will  work  for'  ama}!  unit  fictions,  then  the  only  limit 
now  expected  on  it#  expansion  to  any  dogres  whatsoever  would  appear 
aO  be  the  time  limitation  elretdy  described. 

SUXSARYi 

1,  A  brief  f^ssoblUty  ctudy  on  th?  application  of  computers  to 
Pro.liOt  AtlHOH  has  baen  completed  with  favorable  reQoawmtdetionSi 
2*  A  period  0/  exploratory  work  h«*  now  started  to  develop 

techniques  of  breaking  down  military  tank  probleme  l’or  maohins 
processing. 

3.  The  main  effort  will  then  follow.  That  is,  it  must  be  a*»u*-ed 
that  sufficient  militury  realism  is  in  the  problem  to  Justify 
aooepting  the  results  of  the  calculations, 
h.  The  limitations  on  how  far  the  program  can  be  carried  derive 
mainly  from  the  restriction  on  the  length  of  time  one  problem 
take*  on  the  machine,  these  limitations  should  bs  attacked  in 
two  wayet 

(a)  refinement  of  the  present  approach) 

\b)  dcvclcpssnt  of  ons-step  logins!  operations1  to  pass  from  one 
battlefield  state  to  the  next  in  the  order  of  10  to  100  mioro 
seconds  calculation  time  of  the  computer, 


1, 


Dr,  JS,  Ouehan  of  the  Computer  fab  is  considering  this  problem, 


APPENDIX  "A" 


Till-  COniJQ  OF  A  SIMPLE  SSEAXTHRSUGH  PROBLEM 

Tho  LA3L  man  initially  oorloiderad  a  vary  simple  tank  breakthrough 
problem  in  order  to  make  a  feasibility  study  of  tlto  Tin  Soldier  approach. 
Its  *roRtmont  io  presented  hero,  Tho  problem  la  described  has 
virtually  no  military  merit  and  io  bo  simple  that  hand  calculation* 
would  bo  sufficient  to  carry  it  through.  Nevertheless,  parto  of  the 
problem  were  coded  for  the  IBM  GPO  II  and  enough  rune  were  made  to 
satisfy  ua  that  the  general  procedure  was  workable.  In  addition  the 
problem  wan  dosorihed  to  porBonnol  working  with  the  Loe  Alamos  MANIAG 
and  they  quickly  turned  out  a  so-called  rflow  diagram",  This 
diagram  is  shown  in  Figure  3  .  .  On  it  ovury  calculation  required 
for  playing  the  game  is  completely  specified  in  a  form  underotnndable  to 
any  person  familiar  with  large  scale  computers.  The  tymboliam 
follows  that  of  J.  von  Neuman  and  ie  fairly  standardised  over  tho 
country.  Using  the  flow  diagram  tho  control  orders  for  a  computer 
may  bo  written  down  immediately. 

The  problem  involves  0  situation  described  most  compactly  by  the 

block  diagram  in  figure  A  Tho  action  ie  doacribbd  below, 

‘  * .  •* 

A  line  of  anti-tank  guns,  deployed  in  depth  and  with  no  over¬ 
lapping  fields  of  fire,  is  apFfttctoti  by  a  column  of  10  tanka.  The 
motion  of  tho  lead  tank  lm  this  column  ie  strongly  weighted  in  a 
forward  direction  but  varies  somewhat  in  a  random  fashion,  The  tank 
column  "follows  thf/  leader**,  i,e.  the  (n  r  *)th  tank  always  moves 
into  the  position  just  vacated  by  the  n*u  tank. 
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Ae  ooon  oo  a  tank  comoo  within  range  of  an  anti-tank  gun, 
the  anti-tank  ^un  gevo  ono  anov  at  tho  tank*  a  ssleotxon  itnoflg 
random  ntiinbir#  chon  dooidffc  whether  tiio  lame  wae  killed,  If  the 
tank  was  not  killed  it  moves  again  after  whioh  the  anti-tank  gun 
gats  another  allot  at  it,  Tho  anti-tank  gun  gets  only  ono  shot 
between  each  mot  re  and  always  shoots  at  tho  lend  tank  in  that  part 
of  tho  tank  column  within  range.  If  the  ftnti-tsnk  gun  intonon 
its  oooond  shot,  the  tanks  move  again  after  which  the  anti-tank 
gun  ahoots  a  third  time,  Immediately  after  thin  third  shot  all 
surviving  wnkfl  within  range  of  the  anti-tank  gun  get  one  shot 
at  the  anti-tank  gun,  So  .long  as  the  anti-tank  gun  survives,  tho 
tanks  continuo  alternating  a  move  with  ono  shot  from  tho  anti¬ 
tank  gun  followed  by  ono  shot  from  each  of  tho  surviving  tanka, 

Tho  odds  are  generally  against  tho  anti-tank  gun  and  It  lo 
eventually  knocked  out,  Tho  column  then  continues  its  motion 
forward  until  it  oomoe  within  range  of  a  second  anti-tank  gun  whore 
tho  move-fire-movo-firo  routine  is  repeated,  Finally,  tho  head  of 
tho  tank  column  emerges  from  iha  line  of  anti-tank  guns.  Tho 
Moore  of  tho  game  is  the  number  of  tanks  lost  in  breaking  through, 
The  parameters  adopted  for  hand  oaloulations  and  for  running 
on  tho  IdM  GkC  II  were  thut  each  move  corresponded  to  a  10  seoond 
intern!  on  the  battlefield,  In  this  time  the  tank  generally 
moved  about  100  yards  whioh  corresponds  to  a  speed  sf  about  50  mph. 
Specifically,  for  each  move  a  digit  was  eeloeted  at  random  from  • 
table  of  logarithms.  If  the  number  w;»s  between  0  end  5  inclusive, 
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the  tank  advanced  100  yards  forward.  If  the  number  was  6,  the 
tank  moved  50  yard#  to  the  leftj  if  7  then  $0  yard*  right j  if  2 
then  50  yards  to  the  rear  and  it  stayed  in  position  if  the 
number  was  9, 

the  range  of  the  anti-tank  gum  and  of  the  bank  guns  was 
taken  to  be  1000  yard*,  Ineid#  this  range  the  kill  probability 
waa  usually  taken  to  be  a  constant,  1/2,  although  variable  kill 
probabilities  were  tried  by  hand, 

The  KANIAC  flow  diagram  dose  not  specify  thesp  probabilities 
but  merely  the  method  for  using  them,  At  the  start  of  a  game 
all  probabilities  associated  with  the  movement  of  the  tanks, 
the  kill  probabilities  of  the  guns  and  the  ranges  aan  be  given 
any  values.  The  kill  probability  can  be  put  in  as  an  analytio 
funotion  of  the  range  if  desired. 


Key  for  Figure  3 
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PURPOSE 


A  -Sit  Piece  type  of  war  gsmo  will  be  programed  for  machino 
calculation  to  Investigate  its  applicability  for  evaluating  tank 
effectiveness  and  aa  the  first  step  in  the  program  of  Projcot 
ARMOR  to  extend  the  mathematical  oodols  currently  in  use  to  u*.. 
gM«i  of  considerably  greater  complexity. 

FACTS 

The  set  ploeo  war  gcao  is  intermediate  in  complexity  between 
th“  slaple  battlo  models  which  aro  currently  receiving  much 
attontion  by  Project  AKKQR  (and  others)  and  the  such  bo re  cospll- 
cated  sod  el  a  which  is  propoeod  would  include  the  i&axiraun  detail 
that  the  fast  sodom  alectronio  scapulars  can  procas a  in  times 
like  10  sinutss  per  complete  battle.  The  sot  piece  battle  la 
distinguished  from  other  models  by  the  fact  that  before  the  battle 
starts,  the  future  position  of  the  sanouvsrlng  elements  is  sped- 
fiad  as  a  function  of  time  up  to  the  point  that  uach  maneuvering 
■lesent  must  continue  along  its  pre-set  course  unless  it  hae  been 
knockvd  out.  This  specification  detracts  from  the  realist  o  f  ImC 
battle,  but  it  alec  saksa  the  calculation  of  the  battle  Very  much 
easier, 

The  farm  vs  the  battle  here  described  follows  generally  that 
described  by  Col.  Shansly.  CX3AFF.  at  a  Theoretical  Panel  ?r, sating 
at  ORO,  February,  1953. 

The  terrain  usad  is  imaginary  in  detail  but  is  roughly  similar 
to  portions  ef  Fort  Knox. 
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The  typo  of  battle  considered  will  later  be  cxicndau  to  other 
types  of  torrain  and  different  ad  salons  involving  tanks  and  anti¬ 
tank  weapons,  cut  retaining  approximately  the  suae  dograo  of  com¬ 
plexity. 

THE  OATHS  Mas 

Figure  1  shows  the  terrain  and  the  disposition  of  rorco* 
involved,  Tha  Rod  forces  at  the  ton  are  presumed  to  csko  a  frontal 
assault  against  tho  Slue  forces  entrenched  at  the  bottom,  While 
many  weapons  are  expootod  to  be  firing  on  the  battle  field,  wo 
aro  considering  in  detail  only  tho  number  of  tanks  killed  by  the 
anti-tank  weapon  and  the  number  of  anti-tank  weapons  lost  to  tho 
combined  wo&psn  B/«v trsu  of  the  Reds.  The  assaulting  tanka  thomselves 
aro  not  considered  to  brine  offontiyo  fire  to  bear  on  the  anti-tank 
105  rocoilleas  rifle  until  quite  close,  tho  order  of  200-300  ydn., 
olnco  they  are  moving  at  high  apoodo.  However,  as  scon  as  an  nnti- 
tix1'  — I —  '  =  laaites  it  is  nesuraod  that  a  large  numbor  of  weapons 
arc  brought  to  bear  on  it.  This  would  include  eelf=propellcd  guns 
overlooking  tho  aoonult  and  mortaro.  Once  tho  105  iUi  haB  flr*d. 
tho  ohancoe  aro  high  that  tho  largo  flash  would  give  his  position 
away  ahd  hia  life  would  then  bo  short, 

Tiitf  nwATtim  nAiP11! 

•  m*«  wwtncuMt/  UAuvyuitlAUnU 

To  carry  out.  the  calculation!)  for  any  giver,  weapon  pair— that 
is,  one  105  HR  vs  one  of  tho  assaulting  tanks— wo  consider  in  thsir 
proper  order  the  following  curves i 
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bold*  Mop  lor  Sot  Plot*  Until*  ilimvlng  lottflln,  dlipolillon  of  woopont  <md  with  tht  polli  of  lli» 
moMuvorlng  olontonti  during  llio  annuli  eomplololy  ipoclflod.  The  numbtro  along  ilia  orrowi  marking 
the  potli  of  the  lonki  y!v?  th?  ♦!*«•  In  io?£>n'.U  that  tlio  tnnl<  roachoi  that  poftleulo'  psln!  In  its  eivonca. 

PIOURK  \ 
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(1)  Curvo  giving  tho  probability  distribution  of  the  first 
shot  by  105  I®  as  a  function  of  range  to  (nearont)  tank, 

(2)  Curvo  giving  survival  probability  of  105  HR  which  deter¬ 
mines  whether  it  has  chanoo  to  got  off  its  first  shot. 

0)  Curvo  giving  kill  probability  of  105  HR  against  tank  for 
this  first  shot. 

(*,}  Curvo  giving  probability  of  various  timo  delays  bofore 
105  Rfl  is  able  to  get  off  such  sdditlonal  shot, 

(5)  Curvo  giving  now  position  of  tank  aftor  the  delay  in  the 
firing  of  ths  105  VJR, 

(6)  Family  of  curves  giving  the  survival  probability  of  tho 
105  HR  as  a  function  of  tho  time  delay  before  the  next 
shot,  and  of  tho  range  to  the  tank  at  the  end  of  this 
delay. 

(7)  Curve  giving  the  till  probability  of  the  105  HR  against 
tho  tank  for  additional  shots. 

Those  curves  umgt  be  completely  opacified  beforo  t|m  battle 
starts  for  evory  woapon  and  weapon  pair  on  the  battle  field  which 
may  booomo  engaged,  Some  of  tho  ourvoe  differ  fr*.n  woapon  to  weApon, 
wlills  in  ether  essoo  ocvoriil  woapons  and  weapon  pairs  way  bo  described 
by  tho  same  ourvo  in  the  inisre-t  cf  simplicity, 

For  machine  calculation,  the  non-pjsalytio  ourvoa  must  be  trans¬ 
form'!  into  a  histogram.  Since  ono  will  rarely  got  a  satisfactory 
reprooontation  of  tho  various  probabilities  in  analytic  form,  the 
usual  UflS"  will  tnyolva  r.on»ariftlytlo  ourvoa. 
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To  deaorlbe  tho  course  of  Iho  bntf>o  noat-  compactly,  Figure  2 
oliowo  a  logical  flow  diagram  for  tho  couroo  of  tho  calculations 
for  ono  weapon  poi**.  A  complete  battle  will  bo  composed  of  a 
number  of  such  weapon  syolems  conoidorad  ono  at.  a  time. 

Ideally  oaoh  weapon  pair  ahould  bo  ormeiderod  for  ono  very 
email  increment  of  timo  baforo  moving  on  l.i  tho  next  incroiiont  of 
time.  Such  an  increment  might  be  an  email  ao  one  second,  How¬ 
ever,  in  tho  interoot  of  calculational  nitnpliaiby,  the  initial 
calculations  will  ba  mnrfn  by  eonoidvrlng  oaoh  woapan  pair  up  to 
tho  time  of  the  first  ahot  for  each,  then  each  weapon  pair  up  to 
tho  second  ahot,  etc 
A  HAND  CALCULATION  FOR  ONE  WEAPON  PAIlt 

Figure  3  shows  tho  general  shape  of  the  curves  which  wero 
asaumod  for  a  hand  calculation  for  ono  of  tho  woapon  pairn  appear¬ 
ing  cr.  Figure  1,  namely  Tank  No.  /«,  (a  T-34)  and  tho  right-moat 
105  nit.  Data  woro  not  availoblo  to  dofint  *hoao  otirvoo  in  a  roally 
satisfactory  fashion,  but  tho  methodology  of  thio  approach  can  be 
invootigated  uaing  tho  curvoo  shown.  They  woro  mado  as  realistic 
an  ponolblo  within  tho  t-iino  limitations  required  for  their  produce 
tlon  and  tho  llmito  impoood  by  tho  methodology.  Much  moro  work 
will  bo  required  to  aovoiop  fully  ontiafaotory  ourvou  for  thone 
probabilities  if  tho  aet  pisoo  typn  of  battle  in  to  be  used  to 
ontabliah  tank  offtiotivunonu, 

Tho  l’onn  of  tlio  hand  oalQulationo  in  nhown  in  Appendix  A.  In 
it  tho  ourvoa  havo  boon  brokon  down  into  a  histogram  with  «k  -  v 
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DISTRIBUTION  OF  RAMOG  PROBABILITY  OF  tfUAVIVINS 

OP  FIRST  SHOT  BY  |03RR  TILL  PIRIMO  FIRST  SHOT 

(J0«ol  Unit  Jott  not  il.aol.i  A  A  FUNCTION  OPENING  RANOB 


HAHOfi,  YO  HANOE,  YO 
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KILL  PROBABILITY  OP  I05RR 
AGAINST  TANK  YS  RANOB 
PER  SHOT 


HANGS,  YDS 


DISTRIBUTION  OF  T|MB  DBLAY 
REUUIfifiD  IlY  I05RR  BEFORE 
FIRlNO  ADDITIONAL  ROUND 


5  6 

TIME  VARIATION  OP  RANGE  AS  SURVIVAL  PROBABILITY  OF  I0SRR 

CALCULATED  FROM  MAP  IN  FOR  VARIOUS  TIMES  AFTER  FIRlNO 


TIME  AFTER  MHO  HOUR,  RANGE  OF  PR8CEOINO  SHOT,  YO 


tuiv«i  uitd  to  k«l  up  hand  calculation  I  or  on*  waopon  pair  In  Sal  P|ec*  Haiti# 

FIOURli  3 
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mately  10  "colls".  Tho  form  shown  for  hand  calculation  is  the 
same  general  form  required  for  machine  calculation  using  digital 
computers.. 

Some  of  the  results  of  ?/,  hand  calculations  for  this  one 
weapon  pair  arc  shown  below, 

T-3/f  killed  by  first  shot  hh% 

T-34  Killed  by  later  shot  M 

Total 

10?  IUI  killed  before  firing 

first  shot  l 6% 

105  IUI  killed  after  firing 

one  or  moro  shots  1AJ< 

105  HU  orrw  "tags  our/  llS 

Total  MU 

The  exchange  ratio  was  1,3  tanks  knocked  out  per  105  RH  committed, 
It  will  oo  noted  that  the  curve a  used  provided  that  th?  105  PP. 
crow  should  "bug  out"  20#  of  tho  time,  whilo  the  abovs  rosults 
show  a  II, %  "bug  out"  faotor.  The  discrepancy  is  duo  to  the  small 
sample  si 20  (10  games  gave  this  rosult)  and  it  is  not  significant. 
Other  results  of  the  battles  could  be  abstracted  if  thoy  proved 
interesting,  such  ns  the  distribution  of  tho  range  at  which  fclis 
tanks  were  knocked  out, 

M0D1W0ATI0ND  KOIl  HA0II2N&  OALOULATIOW 

Thu  details  of  U\e  f?r«  «*oc?ibcd  hare  aro  not  necessarily 
tho  moot  offioient  for  machine  calculation,  The  final  form  will 
depend  upon  the  peculiarities  of  the  particular  maohine  used. 

Kor  tho  initial  maohine  calculations,  it  is  felt  that  one 
should  Consider  tho  ourvoo  to  bo  approximated  by  a  histogram  of 


tlu'ue  oollo,  with  5  asaaulbine  tanka  and  5  ilofondintf  105  lifl.  This 
will  rsdu a q  tho  initial  coding  problem* 


JWMi 

t 

i 
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APPENDIX  a 


fiULKO  foil  HAND  CALCULATION  Of  TIM 
SET  PIECE  WAR  0AMI5 


Wa  conoidor  Tank  No,  A  vu  Urn  right  moat  105  Hit  in  figure  1 
1a  the  AT  wpn,  B'iguro  2  given  the  aurvsa  uaed  In  nutting  up  those 
tobloo. 

STEP  X 


Select  opening  range  of  AT  wpn, 

u.  Clioooe  a  number  at  random  botwoon  0  and  9y, 


if  a  moths?  is  0  „r  1  A*  wpn  opens  between  o  and  100 

yd?  t  2  to  4  100  £00 

5  8  200  300 

1?  In  300  '*°° 

1  *  20  A 00  500 

29  500  600 

30  41  600  700 

jj*  56  7oo  800 

57  64  800  900 

65  70  900  1000 

l)  H  1000  1100 

Jj  ll  UOQ  1200 

Vi  “  1200  1300 

^  1300  1400 

79  1A00  1500 

HO  97  niw  firse  at  all,  ?bugg  out? 

If  wpn  *bugo  out")  start  over  wltlt  next  pair,  otherwise  prc» 
ooed  to  Step  2. 


and  100 

ann 
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STEP  2 

Determine  whether  AT  wpn  aurvivoo  long  enough  to  got  off  first  shot. 

Oi  ChvdSS  Mwubor  at  randOm  bstWoOll  0  flUKI  77* 

b.  If  opening  range  (Step  I)  la 


e  to 

log  yd*,  at  wpn  iurvivoa  if  no,  is  less  than 

15 

100 

200 

36 

200 

300 

53 

300 

mn 

»n#v 

67 

1,00 

500 

79 

!i0Q 

000 

Ann 

700 

93 

700 

soo 

97 

soo 

900 

99 

900  or  over,  certainly  survives. 


o,  If  wpn  does  not  survive,  start  over  with  next  pair,  other¬ 
wise  proceed  to  Step  3. 

STEP  3 

Determine  whether  first  shot  from  AT  wpn  killed  tho  advancing  tank  by: 
a*  Qhooafi  a  number  at  random  between  0  and  99. 
b.  Tho  tank  i»  aaaumed  to  be  killed  if  the  numbor  ohoeen  la  leaa 


99 

when  tho  opening  rang*  ie  0 

to  100 

97 

100 

200 

93 

.800 

300 

S3 

30O 

AGO 

67 

A0O 

500 

5A 

500 

600 

A3 

600 

700 

3A 

700 

000 

83 

300 

900 

oa 

'•r’ 

900 

1000 

13 

1000 

1100 

1 A 

1100 

1200 

10 

1200 

1300 

6 

1300 

1A00 

A 

1A00 

1500 

0i  Xf  tAnk  i»  killed,  start  over  With  next  pair,  othervias  pro¬ 
ceed  ts  Step  A» 
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STEP  4 

Da  terrains  time  uolsy  before  AT  wpii  Snobte  again  if  it  survives. 

a,  Choose  a  number  at  random  botwesn  0  and  99. 

b.  If  number  in  0  to  4,  AT  fires  again  in  10  seconds, 

$  SI,  '  ‘  * 

23  5A 

55  79 

GO  % 

95  99 

STEP  5 

Determine  whether  AT  wpn  will  survive  to  fire  again. 

a,  Choose  a  number?  at  random  between  0  and  99, 

b,  Us inn  the  table  below,  pick  tho  row  oorroaponding  to  the 
range  at  whioh  the  lant  ahot  was  fired  and  piok  the  numbs? 
in  bhia  row  whioh  is  also  in  the  column  for  the  Mme  inter¬ 
val  including  the  time  delay  before  firing  determined  in 
Step  4. 

o,  If  the  random  number  is  less  than  the  number  found  in  the 
table,  then  the  AT  wpn  is  assumed  to  have  survived  long 
enough  to  fire  again. 


13 

20 

25 

30 

25 
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Otherwise  proceed  to  atop  6. 

STEP  6 

To  find  out  how  much  the  range  has  ulwngod  lino"  the  last  ahoti 
it.  Select  from  the  ranao  swlumn  below  tho  range  at  whioh  the 
laat  fthot  was  fired. 

b,  Add  th«  time  daisy  eolectid  in  Step  A  to  the  time  found  in 
the  time  column  directly  opposite  to  tha  proper  rsn^e. 


c.  Ths  Stia  found  *n  { b) — tim*  in  column  plus  time  uslAy— —will 


then  bo  opposite  the  rango  to  the  tir*  at  the  tlrvo  of 
firing. 


Tlae 

Range 

TiJto 

in  e«cs. 

in  yds. 

in  SVCD 

0 

1170 

105 

5 

1150 

110 

ly 

1125 

11$ 

15 

1100 

120 

20 

1020 

125 

75 

1550 

130 

30 

1015 

135 

35 

975 

140 

to 

935 

145 

45 

885 

150 

50 

C.'.O 

155 

55 

800 

160 

60 

760 

16> 

65 

725 

170 

70 

690 

175 

75 

655 

180 

fiO 

620 

185 

85 

575 

190 

90 

535 

195 

95 

495 

200 

100 

460 

3TtP  7 


Range 
in  jua, 

42  5 
390 
350 
225 
290 
260 
235 
215 
205 
195 
190 
ISO 
100 
180 
175 
175 
160 
185 
200 
215 


Finnlly,  tho  kill  probability  io  used  to  dotoraiino  whether  this  last 
shot  killed  the  advancing  tank. 

a<  Relent  s  iwslsr  at  random  tmtaoon  0  end  yy, 
b,  If  the  nurafcor  so  selected  ie  leas  than  the  nwsbor  opposite 
tho  propor  firing  range  {Step  6)  than  tho  tank  is  pmuacd 


flo 


Probability  no* 


fongo  in  yards 


0  to  100 

83 

100 

200 

80 

200 

3oo 

70 

300 

400 

57 

too 

500 

40 

J00 

600 

27 

400 

700 

17 

700 

80 0 

0 

* 

£00 

900 

4 

900 

1000 

1 

If  Tank  la  killed,  start  over  with  new  vpri  pair]  other¬ 
wise  continue  the  calculations  by  ro turning  to  Stop  A  and 
repeat  tor  the  additional  ahota. 
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{Consultant  CRO)  who  first  proposed  tho  essential  ftaturon  of  thla 
■ethodolcgy-  and  W,  U.  Hioholao  who  throughout  pranged  for  tho 
development  of  0.  Gaaov's  propocelj  to  G.  Kramer  r.nd  E.  Josephs  of 
Engineering  Reee«roh  Associate*  who  not  only  contributed  their  specie 1 
technical  and  aatheafitical  skills  In  applying  tho  EitA  1101  oonputer  to 
tho  calculation  of  theso  battloo,  but  also  aided  In  tho  dovolopawnt  of 
the  special  computing  teohnlquoi  uasd;  end  to  tho  many  CRO  staff  laonboro 
and  oonaultanta  w)io  contributed  data,  advice  and  enoouttg»®>nt.  Spoolal 
aentlon  ahould  ba  mda  of  N.  Smith  (OHO)  who  lad  tho  oarly  dioouoaionn 
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who  contributed  baaio  and  original  work  on  Monte  Carlo  Techniques) 

Gol.  Billlngslee  who  auppliad  authorltativo  advioa  and  propcoala  on  tho 
taotioal  aipaota  of  the  study)  and  V.  MioRae  and  M.  Grabau  who  kindly 
permitted  the  ufis  of  a  quantity  of  original  snd  unpublished  tentative 
performance  date  for  th#  armored  vshioleo. 


KCHT2  QkhuJ  OOHrUTKR  WAR  GAMING: 

A  FEASIBILITY  STUD? 

SUKHUtf 

HIS3I0JJ 

X,  to  develop  a  model  of  battlo  which  will  pormlt  the  simulation  of 
a  mil  unit  oosbat  action  ur-sful  *e  n  testing  teadlua  for  now  weapons, 
weapons  sya Uu,  and  tactical  dootrin*. 

2.  To  apply  exieting  techniques  kai  orlglnale  nsw  wohniquar.  ndo^lng 
the  oodal  of  Uttl6  subject  to  calculation  by  the  largest  electronic 
computer*. 

3.  To  naka  a  trial  calculation  on  a  acale  euffiolont  to  toot  the 
technical  feaaihility  of  tho  modal  of  battlo  and  computing  toohniquoa. 

FACTO 

1.  Tha  rate  at  whioh  unproved  weapons  of  radical  or  uaoonvontlonal 
nature  ere  becoming  available  to  our  military  foroon  is  inoroucing 
traasndoualy,  compounding  the  difficulty  or  evaluating  new  weapons  and 
weapons  systems  in  the  abflenae  of  actual  combat.  Some  of  those  weapons  may 
strongly  influence  the  organisation  and  taotieal  doctrine  cr  tho  military 
forces,  Thus  the  effaotivsneBB  of  all  VofipotiS,  oVoh  thonn  alrandy  teatud 
in  combat,  may  be  altered.  To  be  adequate,  teats  of  weapons  must  bo  wido 
in  tho  oonisxt  of  the  «?spsr.3  system  containing  them,  Proving  ground  data , 
while  neoossary,  is  not  enough)  yet  full  field  to?  tc  of  all  proposed 
Weapons  is  prohibitively  expensive. 
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2.  "Poper  Analysia"  or  complete  weapons  uyatoma  has  hitherto  been 
inadequate  to  treat  convincingly  all  ocoontifil  olsmonts  of  tha  system, 
psrt-ioularly  vhon  tha  opposed  weapons  systems  (1)  are  fiot  directly 
oomparablo,  weapon  by  weapon,  (2)  involve  untested  tfiotioal  innovation, 
or  (1)  aro  oloaoly  balanced.  In  tho  third  oo to  especially,  Urn 
influence  cf  fluotnationa  in  tho  fortunes  and  misfortunes  of  combat 
on  tho  outoom*  or  tbs  angagef^nt has  teen  largely  ignored  in  paper 
analysis.  there  bo  in  a  no  pr*aM«;nl  way  to  sssspb  it  using  convention*’' 
nathwimtioal  Uohniquea, 

1.  Recently  a  naw  toohniqna  for  tho  solution  of  extremely  oomplex 
probloma,  particularly  thoao  involving  multiple  probabilitioo,  has  come 
into  being,  this  technique,  called  "MONTS  CARLO, 11  has  boon  Buooosal'ully 
uead  by  nathounticnl  phyaioiata  at  Lob  Alamos  and  othoro  to  nolve  oortaln 
important  probloma  which  had  boon  "uhsolvnble "  by  conventional  techniques. 
Tho  new  technique  (uaually)  requireu  that  a  largo  oleotronlo  computer  be 
employed  to  carry  out  the  oaloulatlona. 

4.  large  electronic  computers  are  now  available  which  in  addition 
to  their  well-known  nullity  to  flolvo  arithmetic  problems  at  g^oat  speed, 
h«Vo  aleo  a  capability  for  oolving  "logical"  probloma.  That  is,  they  can 
determine  tha  logical  oonuoquonoos  of  a  givon  cot  of  faota  and/or 
nsaunpUona.  They  onn  bo  aauocd  to  a  decision  to  niter  the  nature 
of  subsequent  calculations  in  any  manner  dwaired  an  a  result  of  a 
logionl  calculation. 


DISCUSSION 

From  general  oofiniddraticnd  tho  fioala  of  tho  combat  operation  to  fco 
tr  cited  in  this  feasibility  study  is  shown  to  bo  properly  of  oorapeny  elsse, 
and  to  involve  tanks  as  tho  primary  combat  eloinonto.  It  in  argued  that 
each  tank  wu»t  bo  considered  individually  in  Uio  caloulatlono,  honoo  that 
tho  do  tail a  of  the  action  must  involve  probability  notions  to  fulfill  tho 
aiiiion  of  the  study.  While  conventional  mathematical  formulae  apjwur 
inadequate  to  treftt  tho  complex  aotioas  of  individual  tanks,  a  ratably 
developed  computational  toahnique  —  "Monte  Carlo"  —  proven  feaniblo  and 
to  have  othor  advantages  on  well.  From  the  requirement  that  Monte  Carlo 
typo  probabilities  bo  iooludod  in  tho  troatmont  of  tho  battle  it  is  ohown 
that  the  aomputar  must  complete  tho  calculations  for  a  Dingle  battle  in 
botwoor.  a  fow  minutes  to  sr.  hour,  bo  that  tho  oordoo  of  battlan  roquirad 
for  n  complete  analysis  {several  thousand)  will  not  take  a  prohibitively 
long  time  for  computation. 

A  parMoular  hypothetical  aombet  operation  iv  described  which  in 
oonsistent  with  the  etatemont  of  the  problem  and  which  aerveo  in  tho 
remainder  of  tho  report  as  the  teet  vehicle  for  thifl  feasibility  study. 

The  combat  action  eelsctod  was  fornnilcted  with  the  aid  of  knowledgeable 
Army  officers  and  civilian  teohnioianH.  It  id  patterned  after  the 
"Heinfomd  Tank  Company  in  the  Attack'1  problotn  performed  frequently  at 
ft.  Knox  to  illustrate  Armordd  05*11  Unit  Tactics.  The  Ft.  Knox  problem 
hen  been  modified  in  eome  respeoto,  particularly  in  regard  to  tho  tunk 
etrength  of  tho  nggresnor  forces,  whioh  is  hero  ftoautwd  to  bo  approximately 
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on  o  par  with  tliooa  of  the  assaulting  f  crass  *  Tha  attacking  forces  inuiude 
n  Esdium  tank  company,  3  squads  of  infantry  mounted  in  poruonnoi  carriers, 
with  a  battery  of  4.2"  mortars  in  (support,  Tlio  defenders  arc  aosumod  to 
have  a  coajyiny  of  10  inodium  tanks,  «  company  of  5  81*  guns  and  9  squads  of 
dismounted  infantry. 

Tito  notion  in  put  in  the  context  of  an  cvor-nll  taotioal  situation, 
and  tekaa  place  on  a  piss*  of  terrain  patterned  oloooly  after  an  areu  1 
little  over  a  mil©  oqun.ro  in  Pavnrin,  30  milep  north  of  Vlilraburg,  The 
major  terrain  features  of  thin  area  oro  ninilnr  to  tha  area  at  Knox  whors 
bho  attack  problem  is  demonstrated, 

Tho  oomfcat  action  io  broken  down  into  its  essential  elements  of  fire 
and  maneuver,  A  precis©  statement  of  what  OHleuliittone  the  computer  must 
perform  in  order  to  nooomplinh  tho  mission  of  thin  study  is  then  formulated. 

Stated  briefly,  those  fundamental  activities  by  tha  ocrabat-  elements 
are  (l)  a  dooislon  to  move  from  one  sirmll  100-meter  x  100-meter  square, 
ihioh  is  its  present  position,  to  a  oelooted  neighboring  square,  effected 
by  the  factors  of  tomin  mid  combat  which  must  influence  Urn  salaationj 
and  (2)  a  decision  to  deliver  a  single  unit  of  fire  against  a  Miniated 
oneny  target  in  accordance  with  the  terrain  faoUtfB  and  combat  situation 
whioh  must  influoneo  the  aolooticn  and  ah®  ©ffeotivenes#  of  the  unit  of 
fire, 


r**> 

j 

] 
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Those  two  fundamental  aotivitiaa  aro  properly  ordered  In  lime  by  the 
computer,  i.o.,  ara  caunod  to  be  performed  in  a  sequonoo  Wliloh  makes 
military  tisnaw  and  at  a  rate  oonelntcnt  with  the  capabilities  of  the 
weapon  and  weapon  crew, 

The  GtoMot-sriati'Ja  of  computers  in  genofal  and.  of  tho  1101  ERA 
computer  In  particular  are  doaoribtdj  and  •  t^ohniqt^*  is  developed  whereby 
the  capabilities  of  the  1101  computer  are  applied  to  the  solution  of  tho 
problem  of  this  atudy,  The  solution  is  saen  to  depend  strongly  caruln 
nonpar  ith*i  tic,  or  "logical,"  calculations  which  tho  1101  compute?  ccn 
perform  with  great  opaad. 

A  program  is  specified  which  caiman  the  1101  computer  to  compute  in 
groat  detail  the  progress  of  the  particular  combat  action  under  unalynie, 
whloh  involves  directly  the  faotorn  of  terrain,  oommunioationo,  weapons, 
mobility  and  taotioo  that  have  boon  identified  in  tho  flrnt  prt  of  tho 
study  os  essential. 

Every  militarily  significant  portion  of  this  program  is  described 
in  detail  and  criticised  concurrently  to  the  extent  feasible.  Tho  actual 
coding  of  the  problem  involves  a  careful,  arrangement  of  over  ,t6,V00  8»dlgit 
number*.  The  rules  used  in  translating  the  military  Statement  of  the  problem 
into  theso  "coding  numbers,"  arc  described. 

The  result;  zt  121  bwvtiee  pra  analyaed  to  determine  the  nature  and 
aoouraoy  of  conclusions  which  might  be  derived  from  a  series  of  battles 
were  tills  program  applied  to  a  "real"  situation. 
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Tho  results  of  Monte  Carlo  computer  botilon  appear  In  a  form  which 
raises  certain  statistical  question*  which  must  be  investigated,  and  the 
preedit  study  provided  useful  anuuorfi  to  those  questions.  Essentially, 
the  question  lo  "How  many  tiwii  must  a  parti"ulor  battle  bo  repeated  to 
give  ntj  nooeptftbla  nwadul'e  of  tho  •average1  outcome  of  iho  brittle?" 

Related  to  tho  answer  to  this  question  is  the  spread  in  the  results  of  « 
given  battle i  that  is,  the  likelihood  with  which  "unsyarags "  or  exceptional 
outcomes  of  tho  oditlo  on  our.  Tho  study  shown  that  50  repetitious  of  the 
computer  battle  in  i. to  present  form  in  suffiolent  L-  determine  Urn  "averago" 
outcome  with  aoooptablo  accuracy  and  nijoyo  that  the  spread  of  tho  battle 
results  is  fairly  moanurod  by  tho  same  r.umhor  of  repetitions. 

A  aaoond  important  question  is  also  Investigated,  For  thio  purposo 
50  additional  bnfctloo  woro  obtained  for  tho  oa so  yhero  tlio  medium  tanks  of 
tho  anonultlng  force  wore  ropluoed  by  a  now  nob  of  tankn  with  (l)  lower  kill 
probability  of  Itn  gun  againnt  tho  enemy  armor,  (2)  an  .tneroanod  rato  of 
(offootiva)  fire,  (3)  higher  vulnerability  to  tho  enemy  armor,  and  (4)  an 
lnoroaaod  mobility  (npood  of  movement) ,  The  uhango  in  tho  miftborn  which 
fipooify  tliooa  oaiabllition  of  the  Umkn  followa  roughly,  but  only  in  part, 
tho  differonoo  between  T-/,l5  medium  tanks  and  T-41  light  tanks,  and  ware 
derived  from  tentative  iwrformnoo  data  nuppliod  by  tho  staff  of  lVoJoob 
Armor,  Of  Qourse,  tho  romutn  of  tho  trial  battles  computed  in  thin  feasi¬ 
bility  study  oarmot  1m  taken  ao  an  aoourate  comparison  of  the  effectiveness 
of  the  T-48  medium  tanka  with  the  T-41  tank,  Hswevor,  the  oompnriHon  imdo 
is  a  clear  example  of  an  important  Application  of  oomputer  battles,  Suoh  a 
comparison  can  bo  undo  «a  soon  as  a  roalintio  battle  code  is  deviaod  und 
n am, rate  performance  data  (a  available. 
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An  additional  21  battioe  wore  computed  for  tho  oqbo  vhoro  "heavy" 
tanks  replaood  tho  modiuss;  Tho  porforttnnos  data  for  those  Ionite  followed 
rouglsly  tontativa  performance  data  for  the  T~',3  tank  supplied  by  Project, 
Armor  staff. 

In  both  oasos,  tho  modified  tanks  anused  a  variation  in  tho  outcome 
of  tho  "average"  b&sblo  wliioh  was  measurable  with  useful  accuracy  and  gave 
rise  to  a  spread  of  results  which  was  not  so  wide  as  to  make  predictions 
impossible,  nor  so  narrow  as  to  cast  doubt  on  the  methodology, 

A  doooripaion  of  an  improved  computer  battle  naking  use  of  tho 
technique*  developed  in  this  study  in  given,  which  appears  to  be  feasible 
on  now  computers  now  available,  and  which  is  formulated  with  sufficient 
dotail  and  roaliura  to  permit  its  application  to  tho  solution  of  real  and 
pressing  probloica  relating  to  tho  T/O&B  of  anil  combat  unite, 

It  builds  direotly  on  the  lessons  learned  from  this  feasibility  otudy, 
and  takes  into  aooount  all  tho  major  improvements  in  the  military  realism 
which  appear  noaossary  for  the  useable  oonputor  battle  code.  In  particular 
much  greater  flexibility  in  the  taotioal  doctrine  governing  the  actions  of 
tho  oombat  unitu  is  provided  for.  The  command-control  structure  of  subordi¬ 
nate  units  ia  an  intogral  part  of  the  proposed  code  and  persdts  inclusion 
of  the  important  command  control  problems  in  a  realistic  fashion)  including 
change  of  oombat  mission  and  of  tho  tacticsl  moans  adopted  for  the 
execution  of  the  feissivn  during  the  battle.  Oinoa  nuoh  command  dsoislons 
ars  made  on  the  basis  of  tho  commander's  knowledge  at  tho  time,  the  operation 
and  offeobiYenoua  of  the  commander's  date-gathering  system,  including  his 
radio  net,  ore  a  part  of  the  proposed  computations,  With  this  addition,  tho 
iwthodology  appears  capable  of  being  dirsotly  extended  to  involve  combat 
unite  of  battalion  sine  and  larger, 
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A  further  application  of  the  rwthodology  io  proponed  which  ubos  it 
«d  an  adjunct  t-e  OPX  type  nap  exoroinen  whore  tho  computer  replaces  to  a 
nuhatuiitial  degree  tho  umpire  oyotois  ourren„iy  in  uoo.  Such  a  oyatem  would 
appear  to  have  najor  advantages,  oinoo  it  would  permit  much  moro  aoournta 
and  detailed  «oooflan»nte  of  sh&nging  onpabilibleo  and  oAiiualty  rates 
without  distorting  tho  time  ooftla  of  n  ruaiiotio  OPX.  While  this  application 
can  bo  irrnlo  using  existing  equipment,  full-  “*pleitat4en  of  thin  tselmiquo 
roquiros  nn  improved  system  for  the  uontroling  and  dirooting  of  tho  oemputor 
g&loulfttlona  and  for  tho  proaontation  of  the  ramiite  of  tho  computations  tr 
tho  participants  in  the  OW,  Racaftt  developments  in  "television  typo"  data 
display  oquipsantn  ahow  groat  promioo  for  puoh  application, 

CONCLUSIONS 

1,  The  Monte  Carlo  coraputor  war  gaming  methodology  io  toohnically 
feasible  for  stall  unit  notiona  within  tho  restrictions  imposed  by  time  and 
cost  factors, 

2.  All  significant  faotore  affooting  onmbot  aotione  wliioh  have  bean 
identified,  oan  be  included  in  computer  battled  of  this  type, 

3,  Tho  outcome  of  this  typo  of  computer  battle  Is  sul'fioiently 
dondltlve  to  the  oapabllitiGo  of  thd  combat  elements  tititihg  part  in  tho 
battle  to  yield  significantly  altered  battle  outoomon  when  realistic 
variations  in  tho  combat  capabilities  of  the  won pons  are  mode, 

4.  The  methodoirsy  ear.  U  extended  to  include  larger  combat  units, 
additional  faotorn  wiion  they  become  known,  an  Increased  vnrioty  of  units, 
or  any  factor  whloh  oan  bo  precisely  described. 
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5.  Tu#  msthodclogy  is  ideally  suitad  to  permit  direct  participation 
in  —  and  concurrent  aritioiam  of  the  studies  by  nomnathsn»tiiiil 
personnel  —  most  importantly,  by  sill Ury  offioarn  with  extensive  oombat 
experience. 

6.  The  methodology  way  be  employed  in  almost  its  present  form  with 
exleting  equipnent  to  vastly  improve  OFX  type  exercison,  either  for  their 
training  or  research  value. 

7.  The  OFX  type  operation  nay  be  ends  smoh  more  oonvanionf  iC 
existing  equipment  be  modified  for  use  as  visual  display  equipment 
operated  directly  by  tho  computer. 
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MONTIS  CARLO  COMPUTER  WAR  OAMINOj 
A  Feasibility  study 

INTRODUCTION 

Thi*  memorandum  1#  a  report  on  the  feasibility  of  a  new  method  for 
wore  oompietoly  analysing  the  effectiveness  of  weapon*,  weapon*  aye  tern* , 
and  tactical  doctrine.-  It  should  greatly  lnorea**  the  number  of  military 
problem*  which  are  susceptible  to  Boientiflo  analysis,  The  method  extend* 
»uoh  enalysia  to  inolud?  important  factors  of  terrain,  mobility,  and 
ocmmandTOOntrol  problems  in  n  detail  not  hitherto  practicable. 

MISSION 

The  new  method  essentially  involves  causing  a  largo  eiootronio 
computer  to  "simulate  bet t.ln. 11  The  goal  of  tho  over-all  program  —  for 
which  this  report  le  a  feasibility  study  is  to  produoe  a  eet  of  general 
instructions  for  an  eleotronio  aomputor  which  will  enablo  the  oomputer  to 
oalouiate  the  progress  and  outcome  of  a  combat  action  involving,- within 
wlda  limits,  (1)  any  desired  weapons,  weapon  system*  or  Gthor  etfdipwnt, 

(2)  any  (pacified  level  of  proficiency  of  officers  and  wen,  (3)  any 
npeoified  tactical  doctrine  nnd  mission,  and  (/,)  any  selected  condition* 
of  terrain,  weather,  and  ovar^ll  eituntlon.  It  ie  highly  deairabl*  (if  not 
absolutely  neoaessry)  that  these  factors  be  dosoribed  in  such  *  way  that 
variation  of  any  of  these  motors  of  won,  weapons,  and  terrain  be  merely  a 
matter  of  certain  olmraotoristio  numbers  at  the  start  of 

computation. 
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So  that  the  feasibility  Slit!/  say  bo  considered  in  concrete  terse  at 


every  stage  of  tbs  discussion,  *  particular  crabat  action  is  faahlcssd  at 
tho  outset  for  trial  analysis* 

7b*  feasibility  of  tho  aalhod  door  not  dana?4  upon  tbs  dctsSln  of  ihs 
osaifplo  eels c ted. 

7b*  usefulness  of  n  1*ttl*  slaulator"  in  analysing  tho  effectiveness 
of  now  weapons,  weapon*  system*  and  teOvieai  dcslrinss,  la  «lf-*v?doat. 

With  increasing  mafcars  of  now  weapons  with  radical  or  unproved  oe*s.>4  titles 
booming  available  to  all  military  forces,  the  problos  of  assessing  their 
true  worth  besoms  over  more  difficult.  Tactical  and  crganisatimal 
innovations  which  scy  ejpj*tsir  desirable  to  fully  exploit  new  vosponn  my 
cause  unexpected  chain  reactions  throughout  the  organization  which  could 
nullify  tho  expootod  Improvements.  Ac  tile  tempo  of  battle  steps  up;  the 
coaBand-sonr.ral-ooarsunlcation  system  bosoms  over  acre  critical.  Aa  the 
weapons  thosnolvos  bsoon*  sore  complex  tho  nature  end  degree  of  logistical 
support  and  training  requlrod  acquiro  a  critical  boering  on  the  seleotlcn  of 
tho  boat  woapon  systeia. 

Fhood  with  a  potential  on«c»y  with  oas?s*tlally  different  reBourc-s  ?>t 
his  cowtftnd,  the  comparison  of  US  military  capabilities  with  Soviet 
cfi  no  bill  tins  appears  in  its  neat  intrnoUblo  fora,  since  dissimilar  forces 
isuet  bo  oownarad. 

Finally  tho  potential  yiolonco  of  the  initial  oUg«o  of  oczb&t  puts 
tho  most  severe  rsquiramsnb  on  til*  thoroughness  and  soouraoy  of  vaajwn- 
taatiosl  analysis  in  advance  of  that  combat. 


97 


Jfcr*  than  «*«r  1-c:to,  fi*i  div  *»  iifMrj  after  cxiii  begin:*  M 
correct  orfczs  *7  Use  tost  *i  csaiai. 

Tm  prcb l«ta  ?tf3a5rls{  analysis  arc  &!acsj*wi  atcro  tre  in  tfc# 
fir*  josst  sufooptlbl*  te*  eosront  tonal  analysis.  r-aumrltiKj,  tbair 
general  ti4»$u:;tik*  *mi 

(1)  Pictloal  *nl  cre*sslriti:c.al  is^vstlee*  involved. 

(2  Ineroacingly  critical  S^lsriopondto-rre  'f  wap*#  —  'owemiicrtjc^- 
leglstlcs  aw),  training. 

?.  C-jfi;jirJaCii  roq  -i-ol  iitrixUer  -ilt?«ry  f-'-Tv5£  *»si  as^ng 

dianixlisr  tactical  and  atrfitagic  aitermtivon. 

4.  States  are  higher 

U»  peasant  at«iy  has  es  its  primary  dealer  to  provido  fin  improved 
eothodoiogjr  for  doalinr  with  prnru.es  or  thora  typee. 

In  tbs  following  Motions,  BteJC  FACTT,  .XOPS,  A1J3  AKimiOWS,  thlo 
»*Ci*andu*;  derives  tfco  gowjral  restrictions  which  llxll,  or  influanco,  tho 
type  of  ioctrtt  action  and  tho  way  1  Ik. analyzed. 

Tharo  follows  in  tho  aoaMen,  PILItfJtr  £SSCS!l?2CM  OF  EATTIS,  a 
description  of  tl;o  fcriaJ.  ecabat  action  to  bo  analyzed  aryl  tho  reasoning 
uaad  in  reducing  the  coaiat  action  to  Ha  Laaio  components  of  fir#  and 
maneuver. 

Th*  next  aootjon.  IRS  COitFUTKH  BAtTIU,  applies  thin  meaning  and  the 
capabilities  ni'  th#  coapntar  and  corpletoly  dosoriigs  tho  vny  in  which  tho 
OGKputer  sixuiatea  the  trial  combat  action. 
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following  til*  th*  Motitt.  BKOT53  r»  toc?  SiTH2S,  girsc  tfe?  rsslti 
sf  221  trial  battlaa  carried  out  by  t =5  computer.  7h»  lassoes  to  *>»  drawn 
fro*  these  result!  ara  described. 

Is  tii  wst  seatica,  FRSPCS2D  AFPUCATIW  TO  T/CSE  *nd  TACTICAL  STUDIES, 
a  a»dlfi«d  nod  Much  laprorad  ssdel  of  tattle  is  described  which  appear* 

•a* 

capable  of  alseilatlng  the  tattle  action  of  wall  unite  to  a  decree  sufficient 
to  warrant  it*  um  in  futura  analysis. 

Tho  last  Metier,  CW'DIUSIOKS,  lUUt  tha  conclusions  to  bo  drown  ^roa 
this  feasibility  study.  Dociuss  tha  pr*5*nt  assersndun  is  exclusively 
concerned  with  describing  a  caw  aeta  ecology.  that  la,  a  new  tay  of  carrying 
out  military  analysis,  there  can  be  no  fcf«l  roooMsendations  for  action, 
aa  there  are  in  aaaoranda  which  present  a  solution  to  sos*  particular  problea. 
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FACTS,  sCCFi,  AIi'I*  ACTUXFTIOXS 


"Tx>  discussion  which  follows  h*n  Use  purpsM  si  Identifying  iho 
:wcoa»«ry  it*!  d&slrablo  foaturoo  of  Use  proposod  Snlhsdology  in  gonornl, 
ani  Hilo  feasibility  atuSir  in  particular^ 

Jr  tho  first  Motion  --  foqm  —  the  noconsary  acalo  «f  Uto  eoebat 
notion  to  bo  used  in  dovalopdng  nnd  tooting  Uto  methodology  In  tbie 
feasibility  study  lo  dortvod.  In  tho  eossnd  section  —  The  r-aaio  ti^rS&iSSk 
is  do»olopad  tho  point  of  viov  applied  throughout  tho  aiudy,  in  U10  third 
section  is  derived  ths  length  oi  tico  the  ocaputor  cny  be  pur  Bitted  u 
calculate  a  given  battle. 

Finally,  tho  gonorol  charoctorintlca  nr*d  capabilities  of  aolented 
olootrooio  cosputsra  aro  described. 

With  tho  and  of  this  sottion  tho  gonorr.1  chnraotorintloo  of  tho 
methodology  and  tho  nonnor  of  ite  tooting  nnd  ttoo  aro  os  tab!  inhod. 
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This  feasibility  study  should  uso  the  Bimploot  possible  trial  combat 
action.  Ch  the  other  hand,  tho  combat  action  to  bo  onalyzod  trust  be  largo 
enough  to  bo  self-contained j  that  lo,  it  should  include  all  the  fee  tors  which 
influanoo  u«  battle  once  tho  forces  are  joined.  This  nano  Uiat,  If  tho 
action  is  to  include  tanks,  Uio  battlefield  must  bo  largo  on  ouch  to  inaliuia 
nil,  or  most,  of  tho  4lt*>nto  vhioh  intornot  with  tho  WFtki.  That  tanks 
should  bo  included  in  this  study  is  suggouted  by  thooa  considerations! 

1,  Tanks  represent  tho  largest  capital  outlay  nnd  one  «f  tn»  twjor 
logistical  probloRB  of  the  kray, 

2,  Tho  ooat  of  carrying  out  analyses  of  tho  typo  proposed  by  this 
study  is  probably  justified  only  for  the  moot  pressing  end  important 
problems, 

3,  T*nk«  are  tha  combat  olominta  most  severely  rostrlotnd  by  their 
mechanical  oharaotarlstlaa  and  thua  arc  more  susceptible  to  mnthonwticnl 
analysis. 

If  tanks  are  to  be  lnaluded,  then  tho  siaallest  colf-oontainod  buttloflold 
will  bo  of  a  also  oomparablo  to  the  maximum  offoctivo  range  of  thoir  guns, 
i.e.,  about  1  to  3  miles  on  a  sido, 

A  reasonable  combat  notion  on  suoh  ft  Uttlloflold  could  involve  about  a 
company  of  tanka  but  hardly  «  smaller  unit,  flinos  tlio  ennlleat  rensonnblo 
notion  xe  desired  ths  ahOw  dlncuesion  fixes  tho  scale  of  tho  notion. 

Bven  *t  this  small  soala,  operation  of  tanks  without  infantry  is 
improper,  and  soma  lndiraob  fire  wsnpono  should  be  included, 


r** 

i 
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A  conplota  combat  notion  on  suoh  a  battlnfiold  could  conceivably  bo 
completed  in  ao  little  an  30  nlnutea,  if  the  notion  voro  of  sufficient 
intensity.  In  thin  case  tho  notion  ‘jouid  not  involve  iogistioal  problems 
duping  thf  notion  end  thoy  oould  be  properly  left  out  of  thin  first  study. 

Similarly,  cl?  eli-lkae  could  bo  left  out  of  thin  fir  at  study,  sir.  c= 
their  influence  in  more  easily  ssBassad  by  over-all  considerations,  Also 
the  mioh  larger  range  of  TAG  aircraft  essns  tbit  assessing  tho  influeooa  of 
alternate  allocations  of  atrikon  uurlnr.  nn  aagauit.  requires  that  tho  combat 
notion  bo  of  muoh  larger  also. 

Thsse  considerations  therefore  defies  tho  oombat  notion  uhiah  should 
bo  anelysod  oa  tho  tost  vohiolo  of  thin  faasibility  study. 

Summarising,  tho  oombat  notion  should 

1.  emphasize  tanks  j 

2.  fanturo  intonsa  notion  —  lasting  about  1/2  hour) 

3.  include  conpnny=siaed  units  with  reasonable  attnohments  of  infantry 
and  incareot  fire  woaponaj 

4.  take  plsoa  on  battlefield  of  ona»  or  a  few-squara  miles. 


Thu  Molt  besio  assuMption  Made  in  developing  thin  Methodology  is  that, 
to  t»  a  auocBMful  battl#  aiMUiator,  the  Modal  of_hi.ttl«.U8od  wutt_refsr 
dlreatly  to  the  individual  tartlulcante  la  a  ooMhjt.iotlon  —  at  least  so 
far  aa  tha  aajor  ooabat  alaManta  ar*  oonoarnad.  In  tha  previous  aaotlon, 
tanka  vara  solsoted  aa  tha  combat  eleMant  to  ba  aaphasised  in  thin  feasibility 
study.  Thu#,  it  la  assuaad  to  la  necessary  to  trait  tha  tanka  individually, 
lhat  ia,  fcfcelr  Movement,  firing,  anti  all  oihar  actions  suet  ba  treswd  aa 
individual  and  separate  aotiona  —  pot  averaged  out  over  a  platoon  or  othsr 
taotloal  unit, 

Thla  aaauMptlon  appears  attraot-iva  for  at  least  thro#  reasons.  Firstly, 
the  physical  characteristics  of  vsapons  ara  (usually)  bast  determined  on  an 
individual  basis  and  ara  (usually)  tha  most  «oourato  informatics  available. 

Tha  raaulta  of  oalouiations  starting  fros  suoh  data  are  apt  to  bo  aoro 
ballavabla  titan  oaloulationa  starting  fro*  loss  well-known  data. 

Secondly,  tha  propoaad  aathoaology  will  ba  tha  more  flexible,  tha  mors 
readily  ara  vaapons  and  equipment  added,  alterad,  or  ramoved  from  tho  weapon 
syataaa.  It  ia  nora  convenient  to  do  this  whan  tha  battle  modal  includes  the 
vaapons  and  thair  characteristics  explicitly,  titan  wttsn  weapon?  nnd  oqulpsaht 
Must  be  aoMbined  in  som  average  vay  before  insertion  into  the  model  of 
battle. 

Finally,  one  or  the  prianry  purposes  of  conatruoting  this  new  model  is 
to  render  the  interaction*  between  vaapons  susceptible  to  calculation,  Huts 
to  tha  extant  that  these  interactions  are  "averaged  out"  prior  tc  insertion 
into  the  nodal*  they  are  not  subject  to  analysis  and  part  of  tha  purpoaa  of 
tha  Methodology  would  be  frustrated* 
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Scss  compromise  aunt  bp  oxpeotcd  in  this  rsgard:  Th«  computer  does  pot 
have  an  infinite  capealty  to  treat  421  weapons  find  other  equipment  separately. 
Tha  ooispromieea  which  will  bo  noosaasry  in  this  connection  will  grow  out  of 
specific  limitations  of  the  computing  aaohinery,  They  will  La  considered  only 
as  and  when  tho  need  ari«#s. 

Su«smrir.ipg,  tha  bnsio  aneuraption  elates  i  "as  many  ae  possible  of  the 
wagons  and  egulcmt  mUrlng  tho  tattle  should  appear  separately  and 
iUiliasj&i  lr.  Sill,  J5»sl» " 

Whan  describing  aeparato  aotions  of  an  individual  combat  unit,  o.g..  a 
tank,  it  appears  JLnaaoapable  that  protabilistia  notions  aro  required.  Thus, 
with  a  given  round,  a  tank  will  cithar  hit  nn  onany  tank  or  it  will  fall  to 
dc  *o.  Tlia  difference  betwoen  various  tanks  In  this  regard  oan  only  be  in  the 
iacaiafelllfcg  °f  *  hit. 

It  will  now  bo  argued  that  it  ia  a  natural  consequence  of  the  baaio 
assumption  stated  above,  that  the  Uso  of  conventional  matheaatioal  formulas 
is  not  feasible  for  constructing  the  desired  modal  of  battle.  Or  more  property, 
there  is  a  feasible  alternative  to  the  use  of  conventional  mathematical 
formulae .  Reduaad  to  ita  simplest  form,  the  argui^nt  la  tJiat  tha  u?o  of 
mathematical  formula*  ifl  a  shorthand  for  describing  on  obscr.vad  or  uropofied 
reifxilflrlty  in  nature  i  but  this  is  presissly  the  fan  tor  which  ie  currently 
isckihg  in  considering  the  influiri-cra  «f  nay  weapons,  new  weapon  cysteine,  new 
tactical  dcotrines  end  tho  dissimilar  military  resouroes  of  the  opposing 
powers.  It  is  to  disoover  new  regularities  in  largo  military  operations  that 
a  new  Methodology  is  required. 
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Thoro  aro  nuny  casco  whoro  tho  regularity  of  tho  laws  of  oottbat  ore 
clear  enough  to  warrant  the  uuo  of  mathnnntical  formulae;  it  tray  bo 
that  future  research  ami  analysis  will  yjiaovor  evon  more  oxtunsiva 
rogulnritias  in  oomlxti  of  a  typo  which  can  bo  naouratoly  described  by 
oonvoniont  nnthomtiunl  shorthand.  Dut  the  oxpreso  pur peso  of  the  now 
methodology  IS  to  oxtond  analysis  into  oemplox  areas  which  have  not  yot 
boon  traoto bio  to  conventional  analysis. 

This  point  of  viow  would  not  ba  a  very  useful  ona  if  it  were  not  that 
fact  oleotronio  computing  equipment  now  makoa  feasible  a  nonrmthenHtie&l 
technique  for  analysis  which  does  flat  require  fcno  namo  dogroo  or  observed 
regularity  in  oombnfc.  Tills  toohnique  is  aallod  "MON’Ta  OAftLO, "  It  has  boon 
usod  nucoasefully  for  tho  solution  cf  oortain  vary  complex  nyotoino  of 
intorost  to  nuole&r  physioints.  Tlioso  systems  are  oharnotorizod  by  vary 
complicated  probability  "aquations,"  comparable  to  tho  probabilistic  oonoopto 
whlah  will  bo  found  nooensary  to  deroribo  tho  notions  si’  individual  v>nko  on 
a  battlefield. 

The  essence  of  Monta  Carlo  type  calculations  is  easily  understood. 

A  simple  example  is  possible  in  oohnootion  with  umpire  decisions  for 
determining  the  progress  of  a  battle  in  a  GW  imp  exorcise,  Thun  if  tho 
outoomo  of  some  small  notion  within  the  CFX  is  considered  by  tho  Umpires 
to  bo  known  in  terras  of  a  probability  but  not  worth  further  detailed  study, 
thoy  might  mako  their  decision  on  the  basis  of  flipping  a  coin,  Kor 
example,  in  a  CI'X  at  Corps  level,  many  individual  companion  may  be  given 
a  30-30  ohano«  of  taking  thsir  objective  on  the  first  day,  A  deoislon  on 
who th»r  onoh  company  did  roaoh  its  objootivo  might  tlion  bo  nvtdo  by  flipping 
a  UQln  for  oaoh  onso.  If  thoro  wero  u  large  humbor  of  ouoh  5v)-5U  proposition!!, 
tho  fooling  might  bo  tluit  tho  influeno*  aC  chance  in  Ihs  ooir,  flipping  would 
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overage  out.  in  tha  long  run.  It  is  moro  unlikely  that  umpires  would  ba 
willing  to  uaa  auoh  a  twann  for  dooision  if  thoro  uoro  only  a  few 
oitoh  cnr.oo. 

1*1)10  is  an  example  of  Hon  to  Carlo  typo  calculations.  A  computer  can 
bo  caused  to  do  noma thing  vary  similar  to  flipping  n  ooin.  it  aun  also 
"uno  loaded  coins"  associated  with  any  daairod  probabilities  or  odds. 

Appendix  A  rdviowu  Uio  most  important  background  of  Manto  Carlo  type 
nnlouiationa  and  goes  into  sow  dotoil  about  tho  mathod  uood  for  onuoitig 
an  alaoti'oiiio  computer  to  wiko  suoh  oaloulationn. 

llierc  lo  a  second  reason  for  developing  a  nothodology  which  uses 
Honto  Carlo  oaloulationn.  Wm  oomnwnd-oontrol-oommur.ioatlon-dojinion  proooao 
nocoBsarily  included  in  a  battlo  simulator  —  a  "Honto  Carlo  Computer  Battlo" 
is  a  ay  atom  wliioh  Intimately  involvoc  human  thought  prooasnou.  Human  ronuon- 
ing  npj»nru  to  dapond  moro  on  a  oyntom  of  "logioal  computation11  than  on  an 
arithmetic  or  mnthowiticnl  syotom.  It  will  bo  ohown  fchut  tho  Monte  Carlo 
system  of  calculation  is  rondiiy  applied  to  a  syntom  including  imny  logical 
(huimn)  thought  processes;  whilo  a  methodology  depondlng  basically  on 
convontior.nl  mathematical  formulae  apj«urn  vory  1  underpin ts , 

Again  a  compromiso  batwuon  tho  utro  of  Monte  Carlo  opera  biotin  end 
convention?!  an  thorn  tins  will  bo  found  ncooeoary  from  time  to  llfoe.  Suoh 
compromises  will  re  milt  from  tno  capaoity  of  tho  computing  machinery. 

Tnoy  will  be  disouafiotl  and  resolved  in  each  particular  cane,  an  and  when  tha 
n«ed  nrlnoa. 
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Tlw  Ml ltatiofll 

The  one  remaining  mjor  reetfiotion  os  the  eaalo  of  the  trial  combat- 
nation  1#  th»  length  of  tiss  which  oan  be  allowed  for  tho  computer  to  fight 
through  a  singlo  battle.  Thie  <lcm»  not  depend  upon  details  of  Urn 
methodology.  It  depends  only  upon  the  way  ir.  which  the  wthodology  my  be 
applied  to  tits  solution  of  military  problems  and  upon  tha  dtoinlon  to  use 
Monta  Carlo  type  calculation*. 

Appendix  A  gives  a  datsilsd  description  of  tbs  psnnsr  in  which  the 
proposed  mthodclogy  would  ba  applied  to  a  thorough  analysis  of  tha  influence 
of  some  given  factor  in  the  battla.  In  tha  axarppla  discussed  in  Appendix  A 
it  la  auppgeed  that  tho  factor  under  ciialysin  in  tho  type  of  gw:  to  ba  mounted 
on  a  tank,  whan  all  othar  major  design  features  of  the  tank  have  been  fixed. 
The  only  factors  to  be  varied  in  the  aeries  of  compute?  battleu  are  thoee 
direotly  relating  to  the  choioe  of  gum  These  might  ba  expected  to  be 

(1)  killing  power  of  gun,  per  shot,  aa  function  of  range  end  target  type; 

(2)  rate  of  effective  fire)  (3)  else  of  b*s*  load  of  amaiunitlon. 

foe  procedure  for  thie  application  would  be  to  determine  the  variation 
in  the  Heffeetiv*naai"  of  the  tank  in  one  or  more  combat  situations  an  the 
"power"  of  the  tank  gun  is  varied.  Quppoaing  that  an  aooepUfcls  maoHur*  of 
"effeotivenoaa"  if  available  —  tliia  might  bo  the  average  number  of  enewiy 
tanka  killed  by  eaeh  friendly  tank*  —  and  supposing  that  the  variation  in 

•  Thie  la  the  definition  of  the  "effectiveness  ratio"  used,  in  OKO-T-313 
by  M.  Orabau  and  V.  MoHae. 
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gun  power  1b  properly  measured  by  gun  caliber  alone,  tho  reaultn  of  a  aarieo 
of  computer  battles  might  bo  esffesssd  by  tho  following  typa  of  graph. 


Kffriitivsn&Bfl 

of 

Tank 


Ouch  a  renult  would  indicate  tho  "moat  effective 11  gun  for  tho  tank, 
in  the  particular  combat  nituation  used,  ahould  have  a  caliber  of  "O'* 
milliisetora. 

If  other  combat  cituatlofiii  laud  to  different  "boat"  ohoioca  of  gun 
caliber,  then  a  compromise  would  be  required. 

It  is  himuraed  that  the  complete  analysis  can  consume  no  more  than 
6  non the  to  a  year.  Certain  additional  annumptiomi  nvo  made  about  the 
number  of  battles  required  for  eaoh  trial  of  a  given  tank  gun,  Including 
variation  in  the  tactical  nituation  ait  well  an  additional  calculation!* 
vhioh  tend  to  oonfirtn  cheok  t;.»  results. 
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Thft  overtoil  program  required  to  determine  the  military  conoequehoeo 
of  a  variation  In  tank  gun  typo  io  therefore  shown  to  involve  perhaps 
10,000  rape titlona  of  tho  battle.  It  follows  that  eaoh  battle  can  oonoumo 
no  more  than  a  few  minute#  for  its  onlaulation,  on  Ilia  computing  machinery 
need  for  the  analysis. 

It  should  bo  emphasised  that  tho  example  discussed  in  Append  is  n  in 
not  the  only  way  in  which  tho  methodology  may  be  applied  to  analysts- 
Instead  it  represents  Wiint  in  thought  to  bo  tho  most  extreme  ease  aipon; 
possible  applications  and  therefore  result#  in  tho  moot  stringent  limitations 
on  the  tiino  which  should  be  available  to  the  computer. 

Slnoe  the  computing  machinery  which  will  bo  used  In  tho  application 
of  this  methodology  is  at  least  ^0  times  us  fast  ns  tho  El U  1101  oomputor 
used  in  thin  feasibility  study,  a  time  limit  10  times  larger  than  that 
aaloulatod  in  Appendix  D  can  bo  uood.  'llius  ths  avorugo  computer  battlo  on 
the  1101  oomputor  should  bo  completed  within  20  minutes.  Sinoo  tho  basic 
aanumption  wus  to  insert  as  much  of  tho  battlo  participants  and  equlpmont 
au  was  possible,  n3,toii3.C.Ur^WlUJ’g-fl.giia^gi:gii  f°»*  purposes  of  this 
fanalbility  study. 
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Certain  military  facta  and  analytical  assumptions  have  boon  described 
which  strongly  influences  thi  methodology.  The  natura  of  tho  proposed 
moihodology  also  depends  critically  on  tho  capabilities  of  tho  computer. 

feturtiof-  .CQgmutcrji.in  Otnierai.  Tho  essential  dlfforenoo  botveon  a 
dank  oflloulntion  maoliinc  and  th*  olootronio  computers  used  for  computer 
battles  is  tho  "autoiwitlo"  nntura  of  the  latter.  Th«i-  ia,  an  ''laot.ronta 
computer  Dot  only  can  add,  subtract,  multiply  and  divide,  but  it  can  al'c 
lie  instructed  to  perform  ft  long  sorica  of  such  operations  in  any  danirod 
oaquoiice  with  no  fiu'thor  attention  roquirod  from  tho  human  operators.  It 
can  bo  instructed  to  curry  out  ouch  an  extensive  number  of  anthountical 
oporutionn  that  u  spoolul  moans  —  a  "flow  diagram"  —  muot  often  bo  used 
to  show  dearly  tho  ordnr  in  whioh  thooo  mabhoimtioal  oporationo  aro 
performed  by  the  oomputar.  A  flow  diagram  will  havo  tho  following  general 
ohnraotori 


do 

tills 


■U  then  do  that 


if  tho  annwer  Is  ono  thing  go  to  L. 
1  next  swp  * 

if  tho  answer  is  another  thing  go 
back  and  repeat  last  atop 


i==i 

J 

Uk 


Eitoh  blook  indicates  soma  simple  computation  which  tiio  oomputer  muot  carry 
out.  The  amw(c)  leading  from  a  box  U«u  indicate  tho  next  operation. 

I)y  following  along  tho  arrows  in  a  flow  diagram  every  step  of  tha  computations 
can  bo  traoow  out.  In  principle,  nuoh  a  flow  diagram  rolntoa  only  to  tha 
logical  structure  of  tho  computation  ltnulf,  and  not  at  all  to  tho 
particular  computer  for  uhlnh  it-  is  designed.  In  practice,  however,  the 
particular  way  In  whioh  tho  overall  problem  is  broken  down  into  simpler 
parte,  will  depend  upon  tho  special  otmraotoriotioo  of  a  particular  oomputor. 
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Tha  comcuter  itself  can  bo  described  generally  without,  detailed 
reference  to  the  "nuts  and  bolts"  of  Its  constitution.  Thus  all  ganorsl- 
purposo  oloo Ironic  cocjruters  can  bo  cosalderod  as  composed  of  4  functional 
subgroups.  Theeo  arei 

1.  The  ARI7KKSTIC  unl»{s).  (Vhere  the  adding,  subtracting,  ilc.,  Is 
actually  cirri od  out) 

2.  1ho  tf.KDRT  unlt(s).  (Where  sudors  aro  rotalnod  before,  during,  and 
after  uso) 

3.  Ths  CONTROL  unlt(a).  (The  source  of  the  instructions  which  six 
tho  ARITHMETIC  unit(s)  what  to  do  naxt,  where  to  get  the  nuebore  which  are 
to  be  used,  and  where  to  store  tha  answers) 

4.  The  INPUT-OUTPUT  units.  (The  sachlnery  used  by  the  humn  operator 
to  toll  the  computer  what  to  do  and  which  nuabor o  to  ue*j  and  Uio  onchinery 
used  by  the  computer  to  "tell"  tha  huaan  ojorator  vhat  it  has  donu,  nnd  what 
the  anawsra  ara) 

These  functional  units  ara  usually,  but  not  necessarily,  associated 
with  separate  electrical  or  Mohsnlcal  units.  In  the  caae  of  the  ERA  UC1 
ooeputer  used  for  this  feasibility  study,  the  physical  equipment  which 
perform  the  above  functions  fire  1 

1,  AUlTliMtTIO  UNIT»  About  600  ordinary  (radio)  vacuum  tubes. 

3,  MKHCfiY  UNIT t  A  rotating  oylinder,  oovered  w'lh  a  magnetic 
subsUnae  similar  to  that  us?*1  es  .sgnetio  tape  (radio)  recorders.  Records 
voltage  pules  a.  interpreted  ae  numbers.  Capacity,  16,304  7-digit  numbers. 

3.  C ONTO Oh  UNITi  About  40G  more  ordinary  (radio)  vacuum  tubes. 

/,.  INPUT-OUTPUT  UNIT i  INPUT  is  by  paper  tape  having  holes  punohsd  in 
it  by  a  tpooial  typewriter.  OUTPUT  is  by  the  chew  typo  of  paper  tepc  cnd/cr 
a  direct  connection  from  tlie  computer  to  s  fust  electric  typewriter. 
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Tbs  pQBilhilivT  •oi  cavezi*2»*  5f  aaing  o2ar  ccapuUr*  via  t4dltio«i 
♦quipcnnt  carrying  cal  tbas*  4  fuactiena  wall  b*  ccceld«r»d  la  tbs  Is  at 

Motion  —  mamr)  aitijcatigs  tr  JsiKCDDicor  to  t/gse  ass  tactical  stymies. 

Tbs  ooBpubsr  css  bs  csu*#J  to  ptrfor*  so/  *Ut*J  osqucscs  of  •riUantio 
o par* ticca  (zii,  aubtraot,  aultlpiy  asd  ditids)  snd  csrMin  ipaolcl  feras  of 
tuvr*  ari'Jaiviic  Qp»rawui$,  usually  calls!  "logical*  operatives.  7b*  c*  will 
Is  awrs  cooplstaly  da«crl>^4  in  later  Motions. 

lbs  sxsot  proesdurs  fcl  lcv«d  is  the  use  sf  the  coaputsr  consists  of  ru 
following  stages  i 

1.  Ths  sdlitary  sngage&sct  la  brokoC  down  into  slsplo  tchieraUmdsbls 

atspa. 

2.  Each  atop  la  tranalatad  into  an  squivalant  astho rati  col  or  logical 
operation  which  ths  ootyulor  can  psrfora. 

3.  A  nu*bsr  cods  la  praparad  which  will  cauao  ths  conputar  to  carry  cut 
all  tha  calculations  in  ths  daairad  ordar  and  which  icoludas  all  tbs  nuabora 
ntoasaary  for  ths  calculations. 

4.  A  paper  taps  of  com  length  Is  than  punched  by  typing  tha  number  coda 
on  a  apaolal  typewriter. 

5.  Tha  pro  pared  papar  tapa  la  fad  into  ths  eoaputor  which  thon  starts 
its  calouletiena- 

6.  SslaoUd  rsaults  of  the  oci«tii*iiorm  nrs  oouaod  to  bo  typed  out 
diraotly  onto  a  apodal  typo  writer  oe  thsy  are  obtained,  At  tho  cam  lino 

a  nors  dstalled  rooord  of  the  oaloulationa  la  also  punched  out  by  ths  ooaputor 
on  papar  tape  which  can  bo  inspected  at  a  latsr  tin?. 


m 


3 «nw,  thl*  ear#  detailed  account  of  the  cslouUUofis  cannot  bo  cos- 
rseiantly  "read*  dlraotly.  Usually  th*  p-per  Ups  auat  ba  ra-run  through  the 
cssputar  vfcil*  th*  coapuUr  ra-lsUrprats  what  It  had  originally  punched  out 
eo  the  Up*.  In  00  doing,  th*  coapuUr  otn  dlraotly  cauao  th*  Special 
*,yp*vriUr  to  t yj*  cut  th*  daUilad  reaulta  which  v*ro  etorod  in  th*  Up*. 

In  Vsr**  sf  tiii*  aaaorandus,  Sup  1  will  not  h*v*  Uin  coaplaUd  until 
th*  coapLst*  "jeacarlo*  of  th*  battl*  ha*  b**n  d**orlb*d. 

Salaoted  parforaano#  daU  of  tho  coapuUr  le  giver,  is  Thbl*  !, 

TABUS  1 

fyg^Fl.,^TA,,.JgAU91  cotyym 


Misery  Capacity  -----  -  —  -  -  -  - - 16,384  7-diglt  nuabera 

Hu.  Addition*  (eub.)  p*r  aaecud  —  -  - - 10,000 

Hu.  Hiltiplicatlooi  par  Moond  -  -  - -  3,000 

Total  mixba?  poiaibla  diatlsct  oparationa  -  -  -  $0 

Tin*  to  fill  mmoty  from  Up*  ---------  7  ninutaa 

Digit*  typad  cut  par  aacood  (or  alphabetic  char. )  7 


Connutar  c^leyiflt.lnn.  Tha  aignlfloant  typaa  of  oalculatlone,  cr 
oparationa,  which  th*  1101  ooapuUr  can  perfors  tmy  b*  llutad  under  three 
general  eatagori**. 

1.  ARITHMETIC  OPERATION 1  Ordinary  addition,  aubtraotion,  nultlpll- 
oatlon  and  division. 

2,  LOGICAL  vrsnATIOHSi  A  apaolal  fora  of  arith»*Uo.  doolgned  for 
carrying  out  a  type  of  calculation  akin  to  "logical  reasoning* " 


).  OFZFATIOKji  A  spoelal  class  of  operations  vhick  talks  s  it 

prsslfcla  for  the  ccepuber  to  allor  its  typo  or  calculation  depending  upon 
ni»rical  result  of  ooaj  previous  calculation. 

Every  automatic  calculating  sachino  l»s  at  least  c  fow  operations  of 

typo  listed  above.  In  addition,  tkera  arc  sthsr  Ions  interesting 
sMcf-  sse!  start  .:fll«*uleti-jn  cf  tho  computer,  rn yeo  the 
computer  to  punch  or  typo  out  Boisctc-i  results,  to  "read"  nueborc  punched 
W  >  the  IKP*IT  taps,  and  perform  other  i.acoosary  but  subordinate  farivUcna. 

Sisco  the  ERA  1101  cosputor  hno  n  definite  list  of  possible  .pofo>iono, 
every  atop  in  *he  cccputor  battle  is  ultimately  stated  ir>  tarns  cf  on*  or 
a  fow  of  thooo  opa rations. 

The  computer  battle  described  in  this  21550  mka t.  important  do  cf  all 
three  classes  of  operations.  In  gonsral,  any  calculation  which  is  expressed 
in  Urea  or  o  logical  oparation  could  also  le  roducod  to  an  nrlthwfclc  cne. 
Hovover,  tremendous  savings  in  tins  ami  sasery  capacity,  as  well  as  an 
inoreaeod  sleplioiiy  of  ooncoption,  is  possible  when  logical  operations  uro 
used.  Much  attention  is  paid  to  those  witters  in  oubsnquenl  sootinns  of 
this  report. 

Tor  tii*  present,  «  simple  example  of  sy=h  of  these  thrys  basic  types  of 
operations  is  givon,  after  which  the  oonbat  orMuii  is  described,  dissected 
into  its  oomponsntu  and  finally  translated  into  a  nsrioa  of  instructions  for 
the  computer  in  tarn  of  cnoso  basic  operations. 

A  simple ..arlt-tUMtlg-OPertitlop  which  the  duropuMif  Oculd  DO  onunad  to 
oarry  out  might  bet  "add  the  number  of  Bins  tanks  killed  (number  is  stored 
at  place  X  in  memory )  to  the  numl»r  of  Red  tanka  killed  (number  is  stored  at 


plies  1  In  Bsmory)  and  store  the  stia  at  place  Z  In  oonsory.  It  takes  2 
separate  steps  for  the  computer  to  perform  this  staple  addition. 

Step  1.  Take  number  etorf 4.  1»  place  X  end  put  into  "adder. w 

Step  2.  Take  number  stored  in  X  and  put  into  "adder. " 

Step  3.  Take  eua  now  in  adder  and  put  into  place  Z. 

Ihoro  is  a  special  number  code  whioli  in  used  to  cause  tho  computer  to 
perform  each  etop. 

A  airmlo  topical  Pporntlon  which  th?  oospuisr  could  ba  caunod  to  carry 
out  might  bo  "thero  is  n  n  ':ber,  oosposod  of  Ji  digits  which  my  be  oithor 
l'p  or  O's,  «j.gt,  10UC.  Tho  firot  digit  is  a  *1'  if  tho  first  tank  hao 
bean  killed,  an  !0'  otherwise.’*  Tho  second  digit  in  u  "1“  if  tho  second  tank 
has  boon  killed,  it  is  a  zoro  otherwiao  j  and  so  on  for  tho  intorprotatlon  of 
aaoh  position  in  tho  number]  with  tho  third  digit  rotating  to  tho  third  tank, 
the  fourth  digit  to  the  fourth  tank  and  the  fifth  digit  to  tho  fifth  tank. 
This  5-digit  number  is  stored  at  the  piece  X  in  the  computer's  memory. 
Question  i  is  the  third  tenk  dead? 

3tep  1.  Take  number  in  X  and  put  in  "adder. " 

Step  2.  Take  numfco.  1>  Y  (number  is  00100)  and  put  into  nddorj  form  tho 
"sum"  of  the  number  in  X  with  the  number  in  Y  using  the  convention  that  Uie 
number  expressing  tho  sum  will  oontain  s  1  in  »  glvon  pooliion  if  both  the 
number  in  X  gild  the  number  in  Y  have  a  1  in  that  »an«  position,  Otherwise 
the  digit  In  that  position  in  the  "sum"  is  to  be  a  zero.  Carrying  this  out 
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number  in  X  10110 
number  in  Y  0010$ 


Step  3.  I«  the  "sum’’  in  adder  different  from  zero?  If  it  le  thon  tho 
third  tank  is  dead. 


p"  • 


The  above  example  idontifieo  Uio  number  resulting  froa  combining  tho 
nuabor  in  X  with  the  nutsbor  in  Y  an  a  "eua. "  Loglelnnn  call  it  the  "logical 
product."  Tli  1b  typo  of  operation  plays  an  oxtronoly  important  rvlo  in  tho 
computer  battle.  It  ie  dleouoaod  in  touch  grantor  detail  in  tho  noxt  oootion. 

Th*fs  ia  s  special  number  oodo  which  caution  the  ootsputer  t  •> 

1 

Uli’tf#  otaj  -  it;  about  XO,tS^0  °r  0  cno>\nd. 

A  simple  "iunn"  onorntion  which  tho  computer  ary  bo  cauuod  to  cdlouiate 
Aight  be  "ntop  the  oomputationo  and  tyjw  out  thn  lottar  R  if  the  total  number 
of  tankn  killed  (calculated  in  tho  above  exnmple  of  an  arithmetic  operation) 
in  a*  much  an  17."  Tho  atopa  for  carrying  out  thin  calculation  nro  lioted 
bolow. 

Step  1.  Put  tho  nutsbor  in  placo  0  (this  la  the  nuol'ar  17}  into  tho 
adder. 

Step  2.  Subtract  tho  number  in  placo  ?.  (thin  in  tho  tc^u  number  of 
tonka  killed  computed  in  the  previous  oxnmple  of  an  arithmetic  operation) 
from  tho  number  in  the  adder.  The  adder  now  oontoino  tho  difference  bolwoen 
tho  numbor  in  U  and  tho  number  in  Z. 

3tep  3.  Tent  tho  size  of  tho  number  in  tho  adder  If  it  In  exactly 
aero  go  to  Step  4.  If  it  in  not  aero  go  to  Stop  5. 

Step  /,.  Cauao  tho  typewriter  to  typo  out  the  loltor  signified  by  tpe> 
number  in  place  W.  Than  ntop  the  computer.  (llt>to»  Hid  pinna  W  muni  have 
inserted  into  it  bo  for?  store  or  thn  computations  thut  number  whloh  will 

cause  the  by  pear  iter  to  print  "It". ) 

Step  5«  Qo  to  the  noxt  propor  step  for  continuing  tho  battle. 

Tiler*  1«  n  pr*oise  number  ooda  which  will  sauna  the  compukr  to  carry 
out  thnne  wtepn  in  aa  little  a  a  rtfk*  or  n  gnnend; 
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A  further  discussion  of  the  various  operations  of  tho  computer  will  bo 
deferred  until  after  tho  military  actio?  it  naif  is  desoribed.  At  that  tics 
it  will  be  miososary  to  consider  the  capabilities  of  the  oooputor  in  wore 
detail,  since  important  alternatives  in  the  way  Ute  bettlo  is  treated  by  the 
computer  depend  critically  on  these  cajs;  bill  tie  s> 

SUMMiM 

This  oomplstes  the  consideration  of  tho  general  features  and  rantriotionn 
of  the  proposed  sathodulogy.  The  remainder  of  tho  otudy  will  develop 
ssthodology  within  the  limits  imposed  by  tho  foots,  restrictions,  and 
aasuraptlone  now  identified. 
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COMBAT  ACTION  AND  ITS  ANALYSIS 


A  combat  aotlon  1b  doaoribod  which  Clio  t-lie  gonorai  re^uiremcnta 
developed  in  tha  introduction.  The  action  ia  analysed  into  ita  moat 
aiamantA'./  oomponsnta  of  fire  and  maneuver.  Tito  compute tlona  aro 
donorlbod  which  cftiaiiir.  a  oenoible  aoquanne  0f  these  aotivitiee. 

Tito  general  oluirast-sris'-iss  of  an  olsstFOniu  computer  are  oonaldored 
along  with  tho  analyaia  only  wlioro  nooooaary.  The  computer  oliareoieriatioa 
and  onpaoity  for  calculation  inoludod  In  thip  ph«ae  of  the  diaouanion  narvo 
aa  guido  lines  for  the  analysis.  Thus  the  particular  wuy  in  whioh  the 
oomplota  combat  notion  la  diauootod  into  oimplcr  notions  raflocto  in  oomo 
moanuro  tho  typed  of  onloulntiona  for  whioh  tho  oomputor  io  boat  nuitod. 

Tb8 .HUltm  Sitavttifln 

Gel.  C.  Sillingslss-  formulated  r.no  military  situation  which  might 
rocult  in  a  oombat  a.  tion  having  tho  olinraotoriatioa  doaoribod  in  tha 
Introduotion.  It  la  a  hypobhotioai  aituntien  oonotructsd  for  thoao  opoeial 
purpoooa  and  ia  not  proaontad  «a  being  either  a  typioal  aituntjon  if*  come 
future  war  nor  na  raproaonbing  a  typlonl  minnlon  for  tho  troono  Involved. 

A  heavily  ruinforood  Dlua  infantry  battalion  io  glvon  tlm  minoion  of 
dolnylnc  a  Red  moahnnlsiod  Oorpu,  In  column,  for  a  period  of  12  houra  at 
Mflnnarotadt,  which  lioa  about  30  ml  too  oouu.  vf  tho  nonsl  (East  German) 
boimdary  at  Melnlr.gan  on  a  railroad  line  to  WfJrsburg  (Pigur*  I)5  Delay  ia 
io  be  offootod  by  forcing  the  Hod  Korcen  to  deploy  under  heavy  fir*  nt  the 
rivor  line  which  in  tho  northern  boundary  of  Mttnnoretadt. 


t*  Military  Advloor  to  <i\0  during  early  part  of  otudy. 


Tha  infantry  battalion  ia  aupportod  by  a  ssdius  task  aospony  of  K-^O'a, 
a  heavy  aortar  company  and  a  Jittery  of  105mn  howitzer®,  Fig,  2  ahowa  tha 
troop  diapoailiion. 

before  tha  battalion  had  fully  ooouplad  ita  position  in  amt  about 
^uneratodt,  tha  point  of  tlia  aa.ln  !!*d  oolumn  approaches  end  is  brought  to  a 
♦,  t'iaisr  fife.  Too  had  point  bagina  to  da  ploy,  Banding  a  strong  force  to 
ths  river  on  the  right  flank  of  tha  poaition.  Had  ocmbat  onginoere 
•uooaad  in  quickly  arooting  a  temporary  fcridga,  and  «  g^jspany  of  10  ?. ' n , 
a  ooeipany  of  5  flP-100'a  and  a  company  of  infantry  oroaa  the  rivar  and  siarcble 
on  a  hill  naarby.  fhay  oan  now  bring  diraot  fira  on  itmoh  of  tha  road  aouth 
out  of  Mttnnaratadt  along  which  the  Blus  force®  Rust  goon  withdraw.  Furthor, 
thay  will  qulokly  attempt  to  sub  that  road  in  an  enveloping  maneuver. 


Fig,  .2  3)\i8pojriii>i7  op  Forets 
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In  the  face  of  this  threat,  the  Blue  foroBO  commit  ihoir  roeervo  tank 
oompany  reinforced  by  3  sounds  of  iJirci.tr-  sounwd  in  3  srmor-d  pare or.no I 
carriers  (a  "scratch"  foroa,  since  T/GSE  doss  not  inoludo  carriers).  Tito 
mission  of  tills  faro*  la  to  puah  the  Had  foroe  back  ncresa  the  rival*  in 
preparation  for  the  withdrawal  of  tho  Blue  forces  In  Mttnnsrntndt,  Tha 
resulting  arraorsd  assault  is  Uia  cotton  programmed  for  the  computer, 

Tlia  Hattie 

The  Uotioa  of  the  counterattacking  Blue  foroe  ora  to  provide  (1)  an 
assaulting  group  oompoasd  of  2  platoons  of  M~40'a  (10  tanka)  and  thn  platoon 
of  in'.'antr/  \)  arSorad  vohioios,  ono  squad  ar.oh) (  and  (2)  a  oovoring  foroo 
(overwatohing)  corapoaod  of  thu  0.0,,  F.O.,  and  ono  tank  platoon  (total  7 
tanka).  In  addition  thn  aompany  of  haavy  ntorlara  (4.2  inoh)  is  available  aa 
support.  The  remainder  of  tha  Bluo  foroo  io  heavily  ongngod  olnowhore  with 
tho  Had  point. 

Tha  assault  group  moves  tovarda  tho  Red  bridgehead,  keeping  in  tho  draw 
(Fig. 2  )  kb  far  a*  possible,  then  making  a  frontal  assault.  The  overwatohing 

tanks  provide  support  firo  fronj  oover  Hnd  concealment  at  a  range  of  about 

1300  yards. 

The  Blue  Infantry  dismount  from  thoir  oarriora  when  tho  Rod  Fositlon  in 
readied.  The  Blue  Mortar  Tiro  Is  also  lifted  at  this  time,  11m  rn.1  anion  of 
tho  Blue  forces  after  reaching  tho  Red  position  is  to  move  on  through  tho  Red 
position,  firing  *•  they  go,  Sinoo  tho  battle  mus^  feature  intense  notion 
lasting  a  naif  hour  or  loss,  to  moot  the  requirements  generated  In  Die 
Introduction,  no  further  mieslon  for  the  Blue  forooe  is  stated. 
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th*  bauJ.0  notions,  which  taken  together  oompriflo  the  over-all  battle, 
have  ionB  boon  identified  by  taetioiane  with  tho  phr/iae  "Fira  end  M»nsuver. " 
The  %%%  in  which  individual  aotiona  of  firing  or  moving  ore  arranged  in  iin» 
and  ejs«oe  ie  the  roault  of  ths  ooinronndor'o  application  of  doctrine  and  his 
own  good  sense  ir  competition  witli  the  doctrine,  good  nenno,  and  capabilities 
of  the  opposing  forces. 

Tiio  naoonimr.y  noquanca  of  analynio  followed  by  thin  memorandum  ie 
therefore  Been  to  baj 

1.  Identify  fcho  nature  of  the  booic  oapabilitieo  of  the  lndividnd 
combat  olomontn  on  the  battlefield) 

2.  develop  a  oyiitom  for  tho  computer  to  compute  the  basic  actions 

on  a  battlofiold  from  data  about  tho  uarnbilitieD  of  the  individual  oombnt 
elements) 

3.  provide  tho  maane  for  the  ooaputor  to  arrange  tho  ponniblo  baolo 
notions  of  the  individual  oombat  demonto  Into  a  oaquanoe  of  Fire  and 
Maneuver  nativities  reflecting  the  oonea  of  any  atatod  taotloul  dootrlne. 

Thin  study  oarriea  out  tho  above  tbroo  sotpfl  for  the  trial  bottle 
described  only  to  the  extent  required  for  domonatrating  the  feasibility  of 

tr.S  t*iv  vniidiilOgy  • 

Faring  the  main  tank  cun  onw-ro  u»  oo  tho  niriplor  of  tho  two  bnnio 
action*  whan  the  individual  tank  is  considered  as  n  basic  aoabnt  olonwnt. 
Olvnn  the  oorroct  l!icill 11  probability  for  the  cireumstaneco  ourrounding  any 
particular  shot,  a  Monte  Carlo  ("coin  flipping")  deoiaion  cap  easily  be 
mad#  by  the  computer  to  determino  whothor  the  givan  round  did  "kill"  itn 


target.  Thu*  auppose  that  the  correct  kill  probability  for  the  round  ia 
0.4.  Than  if  th*  oosputer  ohoosae  a  .-lumber  at  random  batman  0  and  1,  thero 
i*  a  40j6  chance  that  tha  number  *o  ohcai  will  be  less  then  0.4  and  a  60 % 
o'nanee  that  it  will  be  greater  than  0.4.  Thua  the  computer  will  be  ualng 
the  proper  kill  probabilities  if  it  snkis  its  deoision  aa  to  whether  tha 
target  vsi  killed  by  the  given  round,  if  it  "ohoosee"  a  number  at  random 
between  0  and  lj  oalling  a  'Mil"  if  the  number  ia  leae  than  0.4,  a  sd.j*  If 
greater  than  0.4. 

Thoro  are  various  ways  in  wmoii  tho  oomputor  oan  "choose  a  number  at 
random." 

The  above  description  olaarly  leaves  out  moat  Important  faotora  in  the 
"firing"  action.  In  particular,  it  is  also  neoeeeary  to  (1'  select  a  target 
and  (2)  decide  to  fire  at  tha  target. 

The  daoiaion  to  fife  or  not  to  fire  at  the  selected  target  depends  or. 
(1)  whether  the  tank'  ia  physically  oapable  of  firing  —  i.e.,  haa  a  loaded 
gun  whioh  haa  been  laid  oi>  the  target,  and  (2)  a  taotioal  daoiaion  on  the 
desirability  of  firing  at  that  particular  time. 

The  celeotion  of  a  target  wane  that  th#  potential  targets  already 
picked  up  by  the  tank  oomander  are  amde  the  aubjaot  of  a  priority  system 
whioh  eliminate*  all  but  ona  of  tha  potential  targets. 

Tha  above  discussion  leads  to  a  ?ys-«»tio  statement  cf  tha  time 
sequenoe  of  ("rents  in  an  elemental  aotion  of  FIRING;  at  least  for  a  tank 
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firing  ito  main  armnmonfc.  It  la  boot  BUKsarized  If  tho  following  diagraa 
icnlied  a  "flow  diagram")! 
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ft  will  be  raoogniaod  that  tliirt  diagram  doea  not  nllov  for  all 
eventualitioa.  For  example.  it  might  bo  argued  that  something  trny  ooour  to 
o hinge  the  tank  commander 'a  air.d  during  Stop  4  while  the  turret  is  boing 
rotatod.  Or  Uiut  3top  1  ohould  follow  Stop  2,  eo  that  tho  decision  to  fire 
da  panda  in  part  upon  wlmt  typo  of  targe  to  ore  available.  For  the  momont, 
however,  tho  flow  diagram  Juat  derived  will  bo  taken  tin  approximately  des¬ 
cribing  tho  esBontial  aharaotor  of  tho  elomontal  combat  notion  of  firing  the 
sain  gun  on  a  tank.  Tho  vnluo  of  (Stating  thin  approximate  aoquonoe  of 
aotiona  at  thin  time  ia  tlint  aertnin  roquiroronta  oro  gunoratod  for  the 
detailed  methodology.  Thua  tho  oomputor  battle  must  bo  capable  of  providing 
anaworn  to  n  aerioa  of  explicit  qtwationn  for  enoli  tank  on  Mi?  battlefield. 
Step  1.  In  tho  tank  on  n  fire  mliiaion? 

Step  2.  What  potential  tnryotc  arc  known  to  the  tank  notrarm.der? 

Step  3-  Which  cf  thess  hjs  tho  highest  priority? 

atop  4*  How  much  time  )>«foro  the  gun  in  leaded?  In  the  gun  corrontiy 
laid  or.  ths  nolavtcd  targsl?  .’,f  not,  whon  will  the  gun  bo  on  target? 

Step  5,  What  ia  tho  oorraet  kill  probability  for  thin  particular 
situation? 
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Knowing  that  these  ara  (aos»  of)  the  ..vaatian*  b»  ^Btinvriv 

by  the  computer  provide*  a  key  to  the  types  of  calculations  which  will  be 
required  of  ‘he  cosputer. 

the  abtjvo  (Jiccutelon  y»s  spceltlccily  pointed  at  consideration  of  % 
tank  firing  It#  @«ia  eraessnt.  However,  the  coej-ulor  baitlr  requires  the* 
two  other  trjoo  of  firing  actions  also  be  considered,  atoll  -yea  and  artillery 
fire. 

Specifically,  *s#ll  era#  fir?  le  'JaiVtVretf  by  tanka -?g9ln#t  !r.f»*jtry 
and  by  infantry  against  infantry.  Alao  tear  tar  fire  ia  delivered  a«*r.„. 
infantry. 

The  mortar  fire  ia  troeted  no  a  spocial  ease  in  crosent  battlu. 

Only  an  "avorago*  tre&trwnt  ia  given  for  the  5  stops  outlined  fer  firing  the 

s 

tank  gun.  The  a  tope  *tro  i 

Is  Point  of  burst  of  a  cstlvo  of  12  aortar  rounds  selected  at  randoa  In 
the  general  area  ocoupiod  by  tho  Rad  forces. 

2.  If  therd  arc  infentry  units  within  100  netera  of  this  point  than 

a  degradation  factor  is  applied  to  tho  infantry  strength  of  tho  unit  tiiich  la 
a  function  of  the  cover  end  ocncealmnnt  of  this  area. 

3.  The  tine  when  tho  next  enlvo  will  be  fired  la  oomputad. 
ll^ever,  the  same  systematic  trontnont  of  small  arms  firing  in  trade  no 

io  used  i'o?  the  train  tank  gun. 

Title  ia  accomplished  by  e-mnlaerino  tho  smul  nr  an  firo  ns  being  lumped 
together  into  discrete  unite  of  fire  which  ora  delivered  at  tho  enira  rote  <•« 
the  join  armament  for  the  tanks  and  nt  comparable  rates  fer  the  infantry 
units.  Oinos  Infantry  units  in  the  prosont  battle  involve  more  titan  one 
dlBorets  fighting  unit  (more  thnn  «  singlo  ran),  on  tho  average,  one  buret  of 
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snU  arsa  fire  would  r.vt  totally  Wo  or. tiro  ccc&a  Infer* try  unit, 


IzsteSu,  It  would  c=ly  reduce  Us  fitting  fc-tontiai  «r  o>»t  unit  by  a 
fnoticn.  For  niiral*,  tadtr  the  proper  o^rivsatssMS,  ss  JJtsicsi  teirit 
cf  JE  firs  by  a  t*r&  5*  SB  lEfafitry  squad  sight  reduce  tis  effeoliyanees  of 
that  »tt*d  cy  1/4*  U»  to  ruination  of  Uso  prcj»?  fraction  involves  r.<t  only 
deciding  the  punfrer  of  casualties,  but  n'i^  the  Influence  on  lb?  effoc«vene?r 
of  the  oetira  oquad  of  such  a  lo?a. 

With  this  difference  noted  Uas  general  treatment  of  firing  suggested 


by  tho  5  atop  rill  bo  cor.sldored  to  apply  m  all  eoshlna  ticca  of  tanka  and 
infantry,  wit b  suitable  adjustment  of  Us  pcrfcmnnca  charrotorlatlca- 

Before  indicating  vtat  oyciea  of  calculations  la  used  is  couple  tho 
3  atop  of  firing,  tho  list  auat  to  extended  to  Include  *jk»  other  basic  oc-abat 
action  —  liAiiSUVsR,  because  firing  and  saving  are  Independent  actions. 

It  la  proptod  that  tho  following  s  to  tenant  rovaals  tho  fundarontel 
character  of  those  separate  acticno  which,  whan  taken  togothor,  coanrisa  Ua 
whola  of  WHSWVSa.  A  tapk  In  ?t  tho  position  A  on  n  battle  field.  It  hna  tho 
capability  cf  soring  to  <my  ono  of  n .nusbor  ofncorby  positions.  Bj.,  I*,... 
oto,.  in  ere, brie  f-lnterys  1  _  0  f  ..Urn ... FwuIq w  tto  rule*  whiei.Lwin  pgrclt 


tho  tank  to  cnko  a  realistic  choice  a  song  Miess  p-siblo  now  positions. 

A  list  cf  so®  of  tho  factors  which  must  influence  ouch  ?  choice  aroi 

1.  Desirability  of  regaining  Jr.  pr na*f.t  psitlon  and  firing) 

2.  direotion  to  terrain  objective) 

3.  whether  or  not  now  under  encpy  fire; 

4.  oharnoter  of  terrain  differences  among  possible  new  positions]  e.g,, 
swamp,  thick  oonosulmcnt,  ordst  of  hill,  steep  slop; 

?,  prs COnffl  cf  5iwny  firo  on  neighboring  positions. 
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Th*.  if  tbeae  factor*  are  to  be  Ukan  into  account  by  tbs  cceputof,  u 
■MSS  swat  ba  prorided  for  tbs  cobjmU?  to: 

1.  Eglantine  charaoter  of  terrain  at  tha  arista  psc**bla  pay  positions, 

2.  IfeyV*  knowledge  of  terrain  objective. 

3.  Hava  kr.ctjlsCgv  of  delivery  of  eneay  fir*  on  varicu*  positions. 

4.  Pmd#  whether  tenk  is  to  aova  in  any  event. 

Thu#  the  propoaad  achea*  of  calculation  frr  computing  «}*  octcoS:  of  a 
battla  auat  ba  capable  of  sr.svsring  questions  af  the  type  Hated  unde-*  i:»e 
pee  ceding  dlaouaaion  of  iba  alaasntary  ooafcet  action*  Making  up  FURS  and 
KAH2WER. 

Agt.ir.  th,a  absra  proposal  can  be  applied  not  only  to  tanka,  but  also  to 
infantry  units.  Thua  a-  squad  of  infantry  can  be  traatad  on  tho  average  as  if 
it  too  aovaa  from  ona  saall  area  A,  to  son*  adjacent  araa,  Bi  or  B2  ...  etc. 

Tha  infantry  unit  will  probably  hava  quita  different  perforissfios  characteristics 
from  a  tank.  Thus  an  infantry  unit  will  ba  able  to  nova  ova?  such  more 
difficult  terrain  than  &  tank,  although  with  *  lower  top  speed. 

Suanariaing,  it  la  proposed  that  ttt*  orar-all  combat  aotion  can  be 
considered  aaooiaprlalng  the  sum  total  or  a  large  nUet*jy  of  eicuBntapy  oesbf.v 
aotion*  of  FIW5  or  HANEUVIKR.  A  systematic  |jta tenant  of  tha  component*  of 
theae  two  elawmtal  aotlonn  has  been  proposal.,  Thaos  a  ta  tenants  ralso  apaoifii? 
qua  at  ions  about  theiccsir,  pu-vioipants,  and  prograss  of  tha  battla  Which  -mat 
fee  Ukan  into  Mgsuftt.  Thus  jpsoiflo  requirements  on  tha  type*  or  Compute? 
calculations  whioh  are  nscaieory  are  ganaratad. 


Slu.-e  both  FIBS  and  M4K4UV&R  have  been  ncta'l  as  depending  etrongly 
flpco  the  terrain  factor,  neither  oloaor.i  of  the  ovdr-ali  battle  con  bo 
further  discuacod  until  «  awana  for  insorting  terrain  factors  Into  tho 
stabin*  is  selected. 

Although  there  are  various  al»erna*e  mans  of  lndualr.K  s  sclori  of 
terrain  wa  will  oontior.  here  briefly  only  u»»  s.»th.4  seise ted  ior  this 
feasibility  study. 

Essentially  the  choice  raado  la  to  dissect  the  battlefield  Into  the 
Inrgost  number  of  avail  squares  consistent  tilth  tho  capacity  of  tho  computer 
to  be  uaed.  With  tha  bettlafiald  undor  consideration  thla  results  in  oach 
square  being  100  awtara  on  a  aids  for  a  total  of  576  squares  over  the 
entire  battlefield  of  about  2  square  sUes. 

For  each  square,  the  fivorege  terrain  footors  are  listed  and  stored  In 
the  mnory  of  tha  computer.  Thoea  factors  are  averag*  elevation,  average 
concealment  —  in  fit* pa  of  1/4  from  coaplotaly  open  fioldu  to  dense  forest, 
plus  the  presenso  of  selected  special  chnnwterintloa  such  as  swamp,  military 
orsat,  steep  elope,  find  n  road  or  trail. 

The  information  about  tha  terrain  stored  in  Urn  tnaabiho’e  memory  is 
used  by  ths  computer  in  answering  the  questions  listed  in  tho  previous 
Motion  relating  to  ths  coiouintion  of  each  saparato  oumbat  notion  of  F1IIK 

or  KUSSrat. 

For  example,  step  2  in  tti-c  flow  diagram  for  firing  (p,  I2h)  require# 
that  tho  ooaputer  "take  note  of  potential  tn'rgoln."  One  ensentdai  faotor 
(but  not  ths  only  one)  is  identifying  which  (enemy)  units  nro  In  plain  view 


of  the  tank  attempting  to  plak  up  a  target.  If  the  elevation  of  all  squares 
are  knovn,  then  the  computer  can  determine  whether  any  square  between  ehooter 
and  target  is  so  high  as  to  cut  off  the  view  of  the  shooter.  If  thar#  is  one 
euch  square,  then  that  particular  enemy  unit  oouid  net  possibly  be  a  potential 
target.  SiQ-JUtrly,  If  ins  enemy  unit  is  in  the  midst  of  dense  forest,  then 
it  cannot  be  seen  by  the  shooter,  oven  if  no  intervening  ground  interrupts 
the  "line  of  sight." 

Dissecting  the  battlefield  into  squared  also  serves  to  make  spa^fio 
the  fundamental  notions  of  moving,  which,  taken  together,  oomprios  maneuver. 
Thus,  recalling  the  statement  of  the  problem  of  moving  proposed  in  the  lnot 
••otion,  it  nay  be  restated  as  "A  tank.is  oa  square  A  pft  th«  battlefield.  It 
hat-lhe.  capability  of  Bovlm.to  any.one  of  the  eight  adleoest  autrea.  (P*  ^6) 

in  soins  brief  Interval  .«3l...tiaij _ (It.any_aliP  r.aMin  in  its  nreflant  position. 

aklnk  q  total  of  .9  Doailblecott-MB  ef-aotlonJ  _ForauI*ta_  tha  rulas  which 
will  cerait  the  tank_tfl  mki  .a  raalletig..flhglfli..aaQng.thei».9.Maiibla ooursea 
gfJcMoc- 

thus  it  la  seen  that,  if  the  terrain  of  the  battlefield  map  is  put  into 
the  maohins's  memory  in  the  form  of  tlio  average  terrain  fen  turns  of  di*4'not 
(emsll)  squares,  it  is  possible  to  provide  approximate  specific  answers  to  the 
type  of  terrnin  problems  ciia  oxpeots  in  tno  ooures  of  computing  each  separate, 
elestntary  oonbat  apt- ion; 
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Stop  4  in-  tha  oysUmti'o  trau  taunt  proposed  for  the  elaaantary  oombat 
action  of  firing,  rt  quires  that  the  oosputer  "allow  Use  for  a  loadad  fUn  to 
b«  laid  on  target. H  Also  compute titgia  of  tha  savemiflt  of  tsnka  and  other 
combat  unit*  require  thst  ths  proper  tin*  ba  allowed  for  tha  owsbat  unit  to 
reach  its  sow  position  bafora  tha  oOmputar  consider#  still  another  change 
of  position.  finis  both  elementary  oosbat  aciiona  require  reference  to  th^ 
passage  of  time  in  tha  simulated  battle,' 

An  atMntial  difference  between  tha  eimtuticfn  of  batt-1*  by  tha  method 
undar  otudy  h*r«  end  simulation  tr.chir.sry  long  Used  by  oeeign  engineers  la 
tha  diffarsnoa  in  the  treatment  of  this  matter  of  time.  In  tha  mors  oonmon 
simulating  devices*  tharo  la  a  direct  relation  bstwtsn  the  rslatifi  time  tha 
computer  givaa  to  aaoh  taction  of  tha  osloulations  and  the  aotual  duration 
of  the  $&ss  prooeaaaa.  Tltue  a  computer  designed  to  simulate  tha  flight  of  a 
guided  missile  would  usually  compute -the  curve*  describing  the  position  of  the 
■imulatad  missile,  second  by  aooond,  Just  as  tho  missile  should  actually 
progr-sBn  along  its  trajootory  during  tha  saue  bis*  interval!  that  la,  the 
"computer  Urns"  is  ths  Mi®  {within  n  hoalo  factor)  as  "real  lisa,  *  Tni«  is 
not  ths  often  in  ths  present  battle.  In  ths  present  ossa,  battlefield  activity 
is  assumed  to  be  completely  stopped  while  ths  computer  determines  what  the 
next  situation  will  be,  Just  as  hi*«  aWg  may  b§  stopped  during  s  football 
Stss.  A;  -Tier,  a  vhe  oomputar  ha*  determined  ths  next  situation,  it 
immediately  skips  over  all  tha  "rani  tims"  aotually  required  for  ths  ohangs 
to  take  place  nnd  "stop*  Uio  clock"  again  while  calculating  ths  sffeabs  of 
the  most  recant  ohang#  nnd  selecting  the  next  course  of  action,  ThUe  in  thi# 


*  Usually  ANALOGIC  in  nature. 
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simulation  of  lattlo,  there  ie  no  connection  whatever  between  "lattlefield 
time 11  end  "ooeputsr  timj,"1' 

The  computer  keeps  the  calculations  of  Mis  various  elements  on  the  battle¬ 
field  is  s.  sve-ps-  iirao  soquohoi  by  Mm  ue#  of  whet  we  will  call  "alarm  clock 
words*'  or  "oloak«"  for  short.  Ignoring  for  tha  moment  osrtaia  ocaplloations 
arising  from  oomprornieoa  made  in  Mils  first  coding  of  the  bettlo,  Urn 
treatment  of  time*  using  Mm  "ulsrm  5ls=k*"  in  an  follcwn. 

Kach  independent  slsinsrl  on  the  battlefield  is  5 Reigned  s  memory  ?.w>  *i?,n 
for  its  personal  alarm  olook,  Thie  olook  must  have  in  it  the  statpfwnt  of 
tho  time  in  the  future  at  which  the  associated  alerrwnt  expeot#  next  to 
something)  to  move,  or  fire,  or  look  for  e  target.  In  order  to  aoleot  the 
next  tank  to  bo  processed,  the  compute?  looks  at  all  of  these  "olooks"  and 
finds  the  one  set  to  tha  earliest  time.  It  then  assumes  that  tin*  on  the 
battlefield  has  reached  tha  value  of  this  earliest  olook)  it  oxamines  tha 
•it-Heicr.  that  the  eelaotsd  combat  element  finds  itself  in.  makes  a  decision 
as  to  what  the  alsissnt  doss  nt  this  time,  how  long  it  will  take, 
upliitarrupted,  and  finally  reaats  tho  alarm  olook  to  tho  time  when  tho  element 
should  b*  considered  again  by  the  computer.  In  the  process  of  consummating 
the  activity  of  tha  unit-  being  trestsd  it  ssy  ksvs  to  rend^ust  the  clock# 
of  other  units  on  the  battlefield.  A#'  soon  an  Mi#  computer  in  through  preeee- 
aing  on*  unit,  it  searches  thre  -gh  alt  Mi*  olooks  and  aeloots  the  next  unit 
to  he  proo**a*n.  it  oonwihwe  this  pattern  until  the  battle  is  over. 


#  This  contrast  will  have  to  b#  taken  into  aooeunt  If  ar.  attempt  i#  wide  to 
u»#  this  type  of  battle  siinuUtion  for  a  training  or  research  device  where  tlie 
ooura*  of  tha  meohin*  calculation#  is  interrupted  no  that  the  operator#  can 
inssrt  command  decision#  which  have  meaning  relative  to  "real  lima," 
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Actually  in  the  present  battle  each  unit  is  provided  with  alarm 
olooko,  on#  governing  firing  and  another  movement  from  square  to  square.  A 
special  aat  or  rules  ie  uood  to  remove,  on  tho  average,  any  ambiguity  caused 
by  •insultaiioou#  moving  and  firing.  A  more  reasonable  tr< -tiwiifc  of  this 
faster  exceed#  tho  capacity  of  the  11Q1  computer. 


Analysis  of  Firing 

With  tho  method  for  calculation  of  tho  terrain  factor  and  battle  fig  Id 
tiu»  establiohoa,  it  iii  now  pooaiblo  to  complete  tho  atmlyoio  of  firing 
begun  in  a  previous  section.  Recalling  tlmt  tho  firing  aotlvlly  liY-.a  tank 
is  rri3f-9S2ns?s  by  S  sys&aiitia,  fivo-stap  proooBS,  tho  calculation  of  oaoh 
atop  can  now  bo  outlined  for  ovary  i&Qk  pn  tho  battlefield* 

SltiLl  involved  s  (taoliaal)  dooision  ««  to  whether  Urn  particular 
tank  who  .on  a  fire  mission.  This  id  accomplished  in  Ui<>  present  stuo'». 
by  u  decision  made  in  udvanoa  of  thorn  Mint  computations* 

All  tanks  will  firs,  given  a  target,  as  uoon  ob  physioHlly  possible 
to  do  eoi  except# 

1.  No  firing  permitted  by  assaulting  tanks  until  one  of  their  number 
raaohoe  edge  of  Rad  position) 

2,  or  until  tho  olnpee  of  IS  (battlefield)  minuton  after  start  of 
battle,  whlohever-  is  earlier. 

Step  2  involves  thoso  computations  whioli  list  all  potential  enomy 
targets  known  at  tho  time  to  tho  tank  aomsendor  under  consideration.  Ah 
alreudy  indlontad,  port  of  this  step  involved  determining  whiolt  enemy 
Wilts  it  is  possible  for  the  tank  commander  to  boo  by  roanon  of  oovs? 
(elevation)  and  oonoealinsut  (foliage).  Other  fnotom  involved  which  srs 
treated  in  varying  degreue  of  complatenooe  area 

1.  Whid.i  enemy  wilts  have  diaolooad  their  poi/ition  by  fire  or 
maneuver  to  spy  member  of  the  opposing  side,  together  with  the  oiiunoo»  tlmt 
nil,  wilts  of  either  side  will  share  such  knowledge  through  tho  radio  net, 
"Till#  limiution  was  principally  a  practical  ona,  #o  na  to  stay  within 
the  time  limits  on  use  of  the  computing  swohin*.  Wlien  firing  was  permitted 
to  start  with  the  onset  of  the  assault,  the  computer  calculations  consumed 
an  hour  per  tattle,  three  times  too  long, 


n 
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2.  Which  enemy  units  have  previous!?  been  actually  noted  by  tho  tank 


oonsmander. 

3.  Which  enemy  units  era  placing  firo  on  tho  tank  in  question. 

3  involves  selecting  among  the  potential  targats  that  ana  vhioh 
has  tha  hlgheet  priority,  Tha  priority  aysUm  used  in  tha  present  battle 
is,  front  tha  highest  to  the  lowest! 

1.  The  tank  vhioh  is  firing  at  ths  shooter  (random  choice  if  store 
than  one). 

2.  Tank  vhioh  was  last  target. 

3.  Any  tank  (make  random  olioloa) 

4.  The  infantry  unit  vhioh  ie  firing  at  the  shooter  (random  choice 
if  more  than  one), 

5.  The  infantry  unit  last  fired  at. 

6.  Any  infantry  unit  (make  random  choice). 

Step  L  involves  establishing  that  the  gun  has  been  reloaded  and  is 
laid  on  the  target.  Tim  has  already  passed  auffioient  for  the  gun  to  have 
keen  roloaded  and  for  minor  adjustments  of  the  gun's  sighting  before  tho 
tank  vas  eeleoted  by  the  oomputer  for  prooensing.  This  has  been  dsdoribed 
in  the  previous  Bastion  on  "Ssttlsflilu  Time."  iiovaver,  if  ths  target 
selected  in  Step  3  is  a  fi?y  target,  then  an  additional  time  delay  is  required 
while  Ike  turret  is  trsvemod  snd  tho  gun  accurately  laid  on  Urgot.  In 
the  wefisnt  battle,  a  oonatanb  delay  of  6  seconds  ia  alloyed  for  this  when 
naoossary.  In  oase  this  delay  is  required,  <!  saaonds  is  added  onto  the 
"firing  olook"  of  the  shooter  and  the  computer  stops  computations  for  the 
tank.  When  the  tank  is  sclented  again  for  firing,  it  will  then  have  its 


gu..  laid  on  target  und  will  bo  ablo  to  firo  immediately,  unkoe  in  tho 
meantime,  tho  target  has  disappeared  from  night,  bain  killed,  :<r  if 
nnetlwr-.tertMt  of  hlgho  C-Prlorlty  has  bsaomo  known  to  tho  ehootw, 

fltap  *  Involves  tho  actual  firing.  The  naiii  problem  at  uue  point  la 
to  determine*  tin*  correct  kill  probability  for  tho  particular  not  of 
oiroumsUnoes.  Ilia  kill  probabilities  are  stored  in  tho  compute?' n  iwmory 
and  depend  upon  the  following  7  fftotorn* 

1.  Type  of  shooter  (weapon) 

«.  Shooter  moving  or  not 

.1.  Typo  of  target  (armor  —  ska) 

/,,  Target  moving  or  not 

5.  Range  to  target 

6.  Cover  und  aonoealmont  of  target  (e.g.,  hull  defilade,  in  edgo  of 
forest). 

?a  First  or  subsequent  ahot  by  shooter. 

Us*  la«t  section  of  Step  a  carried  out  j  calculations* 

1.  Keeps  track  of  which  targets  are  killed. 

2.  Readjusts  firing  clock  for  shooter's  next  firing  turn 

3.  Datersiinee  whether  shooter  has  disclosed  his  position  to  enemy. 

Ibis  completes  the  general  description  of  tho  b<t»io  firing  action  by 

tanks.  In  ths  case  vUru  h»  infantry  unit  in  doing  the  firing,  the  compu¬ 
tations  are  sxaotly  the  same,  although  the  interpretation  io  somewhat 
altered  as  has  already  been  dismissed,  In  the  event  that  an  infantry  unit 
is  ths  JHHi,  Step  5  is  altered  somewhat.  If  an  infsntry  unit  is  within 
effective  small  arms  range  of  enemy  units  (H-0.  on  tanks  or  rifles  and 


automatic  waaponu  of  opposing  infantry)  thon  tho  infantry  target  da  taken 
as  almost  oortsinly  suffering  a  few  casualties  if  it  is  uosn.  Thus,  the 
"kill  probabilities"  become  for  infantry  targets,  the  fa o tor  by  which  JM 
ff£ftaiiiV9.n>a^.Ji>i^Ufii.^J,ft.Jl»g£eLdfld>  rather  than  tho  probability  of 
their  unit  being  destroyed.  An  exception  might  ba  for  th*  case  vhon  tho 
blue  infantry  units  «re  mountod  in  armored  personnel  ourrievs,  oxotpt  tot 
in  tha  prugent  series  of  battles  tho  infantry  dismount  before  the  shoot  ,ijj 
starts. 

Tho  g»r.oral  factors  which  should  influonoo  tno  movement.  of  a  tank  or 
infantry  squad  from  square  to  aqhiiro  on  tho  battlefield  hnvo  already  been 
discussed,  The  division  of  tho  battlofield  into  small  squares,  100  meters 
on  a  nido,  has  bean  proposed#  It  remainn  to  dasoribo  tho  opeoiflod  tmnner 
in  whioh  tho  terrain  footers,  eneiny  notions,  and  tnotioal  deoisions  ahull 
influence  the  movement  of  tho  cr.mbat  elements. 

It  will  be  raoallad  that  tho  ovorwill  mnnuuyoj.  of  tho  foroao  is  to  be 
ooncldored  as  raaulting  from  a  largo  number  of  a  simple  move  deuisionn 
Wide  rapeatadly  throughout  tho  battle  for  oaoh  ooatat  olament.  ,^yh 
elementary  wora  deoision  requires  that  tho  computer  determine  whioh  of  the 
8  neighboring  squares  imnil  no  the  n»xt  position  of  tho  oorcbat  element  in 
question}  also  allowing  the  oombat  element  tho  option  of  remaining  in  its 
present  position# 
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To  do  this,  ssoh  of  the  neighboring  equnrea  is  acornd  nnparatoly  on 
its  dasirsbie  characteristics,  For  example ,  ono  neighboring  nquaro  night 
be  allowed  25  points  if  movement  bo  that  square  is  directly  towards  tho 
Mtrrfciti  objective.  Another  square  wight  bo  given  a  so  ora  of  only  5  points 
if  movement  to  that  square  is  off  to  on*  aid*  of  the  terrain  objective,  and 
a  square  which  is  oil  tho  opposite  side  of  the  present,  position  away  from  the 
terrain  objective  would  be  floored  an  aero,  ar  oven  negatively,  no  far  an 
contributed  toward  reaching  the  terrain  objaotiva  ia  concerned, 

Thue  a  aeries  of  scores  —  or  ratings  —  ia  adopted  whloh  is  to  be 
Aaaociated  with  ascii  square  on  variouc  aooounte  of  its  possessing  deoirablo 
or  undesirable  terrain  featuroa,  or  exposure  to  enemy  fire,  or  any  other 
factor  whloh  is  thought  to  contribute  to  the  desirability  of  movement  to 
that  square.  By  totaling  up  all  the  individual  soores  on  different  aooounts 
for  esoh  square,  a  number  is  associated  with  eaoh  square  whloh  is  the  higher, 
the  more  desirable  movement  to  that  square  at  that  particular  time  appears  to 
be,  at  laaet  insofar  as  the  tank  commander  oan  determine.  At  this  point  it 
would  be  possible  to  have  the  computer  aeleot  as  the  next  position  for  the 
combat  unit,  that  square  which  has  Uni  highest,  rating.  It  s «  of  tho,  meet 

It  ie  ansential  that  the  resawing  bsMnd  rejeoting  this  possibility  reoeivos 


the  most  careful  attention. 

There  era  several  different  reasons  for  rejecting  tha  above  proposal,  — 
and  several  different  ways  of  looking  ^  those  moons.  One  way  of  putting 

bt-<mgjbli-Qf-bviRJL.ils.»arirlt;sd-i;y-^i*lii-gAia.rls;rive..vr.  .h?  a  studr  of  Mmci« 


But  it  should  ba  clear  that,  were  n  number  of  different  Ufik  oofSWsHij.«r&  pev 
in  tbo  shim  position  on  tho  battlefield,  under  identical  oimuMUmust  feft 
far  «b  they  oould  bo  determined,  nil  the  wan  would  ohooee  the  f&s^  aqua  » 
(or  even  the  tarn  general  direction)  so  tlmir  next  poaitton,  Ifet  if  t  is 
computer  hIwbvi  ahoofiaa  that  (square  which  acquires  th«  higher  rati*)*, 
throughout  many  different  buttle*,  it  would  bo  asserting  that  all  (g r«  would 
do  the  ease.  Thun,  the  ratings  oouid  not  be  completely  d«  terminal  h)  afcjwri* 
ment,  not  even  in  principle,  since  in  the  experiments  there  would  eur»ly  M 
acme  variation  in  oholoa.  among  different  men. 


Anothor  way  of  looking  at  tho  earns  problem  ia  to  ooHSiddf  wlujl  v^uld 
huppon  if  there  ware  2  squares  in  quite  uifforent  dlrea lions  which  hf.d 
nearly  tho  same  total  rating,  s.g.,  difforad  by  only  lit.  If  tins  eoifiJidtiK4 
a  1  way  a  ohoaa  the  square  with  the  highest  rating,  then  thin  in  tcftUtmr  hit  to 
assenting  that  the  rating  numbers  wro  no  nocufaloly  known. 
m«on»bly  certtln  which.,  is aor*^ie»lrftbla;  It- would  naew  to  ba  &v«r3y 
optimistic  to  aessrt  that  experiment  in  (or  history  of)  utwh  a  eolnjilf-e 
matter  could  over  produce  anew-fn  with  nuon  certainty. 

A  third  way  or  looking  «l  IMo  natter  ia  to  Oonuidar  whether  IL  liny  he 
in>  V.fc  to  <JSLi3CI!?ijia  the  influence  on  the  uutoeitn  of  a  1*4 Ms  o*  iff  js  ns 
assumed  degrees  of  variability  In  Use  raepor.ss  of  ass  \c  inn  same  fluytrinn. 
Thus  it  might  be  argued  that  weapon  ay  atom  A  la  better  than  weapon  *».*«  h 
because  A  functions  better  with  men  who  have  reo#ivsd  only  fi  Heaths  i  *  tridMss 
than  doss  h,  although  if  all  men  cculd  resolve  (Lyjiifg  it  training  i  H 
the  better  ohoioe,  In  other  words,  the  extent  of  the  variation  in  H-< 
TsSpopea  at  different  vshiolss  to  Use  some  situation  might  la  ecnniiSNad  as 
related  jfl.Bfttfr  to  the  thoroughnaan  of  training. 


Xach  of  the  three  point*  of  t1«v  presented  above  point*  toward*  th< 
in  iquscy  of  *he  eye te*  vh*r«  the  aoaauter  alwsys  chaos**  that  square 
vl  «{i  requires  y»*  high-si  rating.  lit  sisplsst  alternative  to  *uch  a  lids 
.0  m**JZ i  to  latargii-lhs^ratmg  nuntera  a*  Mm  relative 

smms.  sjauajaik  muaMzjasLj&gSisik 

jjy  <ff  Ifojj  p-Hinahl  »3u»m«.  ini*  i*  vhai  ia  « on*  in  the  ^inul  study. 

vn  in*  wHiar  hand,  there  will  undoubtedly  te  com  situations  it 

1h  desirable  to  raaor*  avan  a  alight  chance  of  into  sot*  r*r»*-JL»r 

square.  Thi»  la  acooccliehed  In  tha  praaant  battla  by  allcvlnj!  negative 
r««vingi  to  te  aligned  for  caruin  special  altuation*.  If  these  negative 
V?4U*«  *r»  bade  l*vg«  enough  they  c*n  cart* inly  casasl  out  gar  totilbla 
p  eitiva  aoora  tha  square  night  acquire  fro*  other  considerations.  Tha 
OJBputer  than  1*  dnetructad  to  consider  only  qpejtlve  rating*  a*  a  valid 
nlatlv*  probability,  hence  there  la  no  chanoa  of  aalaoting  that  (negative 
value)  square. 

Thsra  la  alao  tha  possibility  of  suspending  the  entire  rating  process 
in  aiasrganoy  oases  and,  aking  selection  of  a  particular  square  a  certainty. 
This  has  bean  dona  In  tha  present  tattle  for  tha  special  oa£S  where  a  tens 
i -»p  lust  noVad  from  a  covered  (or  concealed)  position  and  has  baan  fired  cn. 
. »  'his  a* la  tha  tank  |l)gUI  returns  to  the  covered  position. 

Thus  tha  ststhodology  is  flsyiblv  enough  to  peralt  considerable  nodlfl- 
ue&0».  ?f  the  Maneuver  calculation*  should  that  prove  desirable  for  spsoltl 

1  !M*J 
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5’aorUla;.  a  alMtary  situs tits  has  been  described  vhlrb  results  in 
£  sail  ce=2-tti  action  coating  the  rsqalronenis  Crrilcpid  is  th«  Introduction. 
Tbo  cca&ai  aoticn  ltMlf  has  b*#u  dlss»ot*u‘  into  snail  pieces  of  terrain  and 
cocci* t  act!  mjs.  k  series  of  jt«o1h  calculations  end  decis'.sne  bpro  tee.-, 
proposed  which,  vtk'.z  together,  ara  a  sjrstoantio  r*an*  for  calculating  the 
outco»*  of  esch  a*  pa  rate  elecenUr^  c  salat  action  of  KlfS  «ntJ  KtjfSUV2R. 
Finally,  e  sjszsz  for  ssepfng  ‘r»5s.  -:*f  U*  pesssge  or  talUerield  tlse  has 
fcssr.  described  which  will  peradt  the  coapuiar  to  keep  a  sensible  sequence 
in  the  order  in  vhlch  the  eefarete  eleiantary  coatat  sotlocs  are  cosputed. 


U,0 


R3S3LT3  t?  T£-T  £&? Jlsr 


wf  lin  trial  calculations  sr*  requiram  for  two  prp»si 
(a)  7<s  ostabiish  the  c?r«ad"  of  battle  outcomes  deriving  frea  the 
r.ii.ro  or  ii«  !Kd»l  of  battle,  and  fres  Uw  spread  of  results  to  assets 
the  statistical  reliability  of  averse  battle  rosaiu. 

(fc)  To  establish  she  sensitivity  or  tls?  average  battle  eutenra  to  a 
significant  alteration  i».  the  i^j-fonwuice  characteristics  ci  tno  Iilu»  *-sS"* 
only. 

~tko  thass  tao  ptrbiwtara  are  determined  it  is  possible  to  specify  tha 
nustor  of  repetitions  of  the  bcUlo  that  are  required  to  indic&ie,  for  in¬ 
stance,  the  bettor  of  the  two  tank  designs. 

The  principal  results  of  tho  trial  calculations  are  applied  in  thio 
section  to  this  determination. 

Sproad  of  Battle  Results 

The  sost  basic  characteristic  of  the  model  of  battlo  described  in  this 
memorandum  Is  the  lnfluonco  of  the  pley  of  chance  that  is  included.  Figure 
3  ohewa  the  variation  in  the  nuribor  of  tank  casualties  Bufferod  by  tlio  Blue 
aide,  equipped  with  radium  tanks,  in  $0  battls  calculations  that  differed 
only  by  virtue  of  .ho  piw  of  chance.  This  ficire  also  ohowc  the  variation 
In  Rod  Tank  losses  (T- Jli 1 »  and  BU-iCv's'  during  the  eamo  50  battles.  Al¬ 
though  on  the  avorago  Rod  oufforad  7.1  tank  oasualtios  per  battle  qomimrod 
to  Blue's  average  looses  of  10.!i.  it  is  evident  there  were  many  doparturoc 

*  "Spread”  as  uaod  hsro  Is  equivalent  to  tho  standard  deviation  of  the 
distribution.  For  normal  distributions  this  is  ths  interval  about  the  mean 
which  includes  63  promt  of  tho  com.  Tsblo  1  giviu  tho  oproRd  of  all  the 
casuslty  distributions  presontod. 


liil 


fiva*  tr.ia  ovoragi.  figure  5  Snows  «-,»i  in  A  of  the  SO  settles  tha  Red  losses 
were  actually  largor  than  the  Bias  los.ios.  This  feet  is  indicated  in  Figuxo 
5  by  tha  6  prints  abovo  the  daehcl  lino,  along  which  t losses  on  both  oidoc 
aro  identical. 

If  the  nun i.or  of  butties  were  increased  beyond  SO,  tie  spread  in  tank 
loiove  indicated  By  Figure  3  would  in  all  iSkolibotd  not  bo  changed  signi¬ 
ficantly.  Thoro  is  only  1  r banco  in  1000  that  it  should  vary  by  Buga  than 
pluo  or  »Jn us  30  percent.  I?onco  ifcs  degree  of  abroad  in  tho  results  is  mainly 
characteristic  of  tho  battle  model  and  tho  rorfcr'an<“o  characteristics  of  tha 
nan-wnapon  teams  alone. 

Testing  Coupe tlnp  Tank  Poalrna 

Tho  important-  corollary  to  tha  spread  in  results  sff acted  by  any  given 
woepon  dosign  is  tho  concomitant  nuhbor  cf  times  tho  battle  computations  must 
bo  repeated  to  reveal  difference*  among  competing  to/ifc  designs. 

To  investigate  this  foature  of  the  nothodology,  50  additional  battloc 
wore  computed  for  tho  case  where  tho  Blue  radius  tanks  ssrs  replaced  fcy  tho 
some  number  cf  hypothetical  light  tanks.  All  othor  features  of  the  battle 
situation  roeainod  as  hoforo.  yiguro  6  shows  tho  diatrlb--ti^  number 

of  tank  oasualtias  experianodd  oy  both  sidos  in  this  suond  soi-leo  of  battlos. 
On  the  avor«g«,  Red  lost  fi.h  tanks  in  each  bottle,  whuronB  Blue  lost  an  . ;orage 
of  6,5  light  tanks  per  battle.  Tfcu=,  usas'J  on  t-  iS  orersgo  uumijar  of  tank 
casualties  tho  Blue  hypothetical  light  tank  wao  more  oIToabive  than 

tho  Blue  medium  tank.  Ir.  particular  tho  average  offeutivonod a  ratio'4  for  tha 

*  A  nlfipla  definition  of  tank  affealivonosa  has  bean  used  by  V,  HcRas  and  hi 
Ooox  in  0R0-T-278,  "Tank-vs'-Tank  Combat  in  Korea*"  Thera,  tank  effectiveness 
uas  defined  an  the  ratio  of  tha  avoreoe  number  of  nnery  tanks  killed  by  each 
friendly  tank  to  tho  average  number  of  friendly  tanks  killed  by  osch  unony 
tank,  other  definitions  of  effectiveness  nave  Saor,  proposed,  including  ooot 
offootivonooB,  v’ioh  includes  tha  elomonto  of  production  and  logiobioal  costa. 


Blue  medium  tank  battles  woo  0.6  (to  tho  dieadvantapo  of  iilua)  wbsroos  for 
tho  hypothetical  Blue  fight  tank  tho  effectiveness  rails  was  i.Uj  (to  tho 
advantage  of  Bluo), 

It  is  at  this  point  that  tho  dogfoa  of  spread  In  tho  number  of  tank 
casualties  in  tho  various  buttloo  must  bo  oonsiuiirod.  Ttw  two  ofi'ootJ.vanoos 
ratios  0.61  and  l.lu  caleoXaun  above  nr*  statistical  appraxlsmtionc  to  tho 
"correct"  values  that  would  have  been'  produced  had  the  battle  computations 
besn  repeated  an  "infinita"*  numbor  of  times.  Thud  tfwrg  is  always  tho 
chtncsi  however  remote,  that  both  tbepo  numbers  sro  so  much  In  orrot-  tn*i» 
in  fact,  th«  Blue  light  tank  is  actually  lass  affective  than  tho  Blue  medium 
tank.  It  is  possible  to  reduce  the  risk  that  such  an  erroneous  conolwslon 
would  be  drawn  to  any  size  however  snail,  at  the  expense  of  Increasing  the 
number  of  test  battles. 

Application  of  standard  statistical  teats  on  tho  reliability  of  those 
-••LwBt-resultlTihowc  that  tn*  odds  are  overwhelming  against  (bettor  than 
360,000tl)  the  posaibility  that  either-  one  of  the  two  sorios  of  $ 0  battles 
incorrectly  identified  the  winning  aide. 

Tho  conclusion  if  tliat  a  sample  also  of  £0  battlea  w as  suff icfcnt  to 
demonstrate  the  superior  killing  powers  of  tho  Rad  tonka  in  this  aeries  of 
battlea,  Indeed,  a  substantially  reduced  number  of  repetitions  would  probably 
have- been  ftOSapliblv.  figure  lj  shows  WiiSv  ti'm  five  rage  losses  for  tho  Blue 
RBiiiuH  tanks  would  have  been  had  the  battio  calculations  boon  stopped  after 
each  of  the  SO  battles  in  turn.  From  thio  f inure  it  is  found  that  the 

*  For  practical  purpose*,  ''infinit*11  can  bo  taken  to  moan  a  veiy  largo 
number,  e,({»,  1, 000,006. 


computed  offgctlvonoaa  ratio  varies  by  -nly  about  *3  percent  at>  Mss  mvsbur  «i‘ 
battle  eamputst-iens  is  increased  bayona  30*  Th  io  oviaont  that  sequent-!?  I 
oaapline  techniques  nay  bo  applied  to  mlniniio  tho  quantity  of  calculations . 

Tlio  previous  discussion  deca  not  require  that  tho  diatrilnitjano  of  tank 
loss-  shown  in  fifcur&B  3  and  6  bo  normal,  llowaver,  In  view  of  the  uscsnal 
ohsrsotor  of  tho  distribution  of  lead  c-riuualtioa  shown  in  Fip.uro  3,  a  tost  on 
tho  otntintiosl  liypothociu  that  each  of  U«  four  dmtributluna  wc*  rjovnife* 
gives  the  results  shown  in  Table  l-  Tt.»  rssy'5*js  “has  that  all  four  disvl- 
butiona  are  well  within  Ijia  0.05  loval  of  significance.*  If  thorn  w«r® 
aorioua  concern  regarding  whether  thoao  distributions  may  bu  approx i mated 
by  normal  error  curves,  then  on  appeal  to  statistical  rigor  could  only  ba 
supported  by  the  results  of  additional  computer  calculations. 

TABLE  1 

STATISTICAL  TjjST  ntt  THS  SISnlFIGAHCS  OF  OBSERVED 
DEVIATIONS  FROM  NORMAL  SRflUli  CURVE  fOR  FOUR 
DISTRIBUTIONS  OF  TANK  CASUALTIES 


Category 

Mean  Standard 
looser,  deviation 

Probability  of  observed 
departure  from  normal 
ourve  by  oharioo  alone 

Blue  medium 

10.li2^  2,33 

0.95 

tank  bAttlos 

v.orsa  s.?ii 

0.15 

Blue  light 

i.3c 

9tl6!Y  1.& 

0.21 

tank  battioc 

0.2? 

S^Blue  (Fig.  3) 
^Rod  (Fin.  3) 

2/!)1uo  (Fig*  6) 
WtuA 

* —  »-  —  n*~  "—t 

Fourfcoon  additional  Lattice  wore  computed  for  the  case  whoro  the  Blue 
forcen  ware  equipped  with  a  hypothetical  heavy  tnnk.  Tho  Blue  foraoe  wore 


*  So  long  «n  the  probabilities  are  Rreator  than  0,05  that  the  obsorvad  devia¬ 
tion  from  a  normal  curve  could  bo  duo  to  chuncu  alone,  tho  assumption  that 
the  diotrlbutiona  are  normal  io  tetwblo. 


the  winners  In  terns  of  casualties  in  this  series  of  bottles,  losing  an 
average  of  J»Ji  tanks  pnr  battle  compared  to  tho  average  Rod  loosaft  of  0.8 
tank's  per  battle.  The  sample  si 25  of  Ik  is  so  snail  as  to  cast  doubt  on 
tha  reliability  of  the  results  however. 

The  ooneluaior.  is  that  a  eorl.oo  of  J?0  Jbattle  calculations  for  onoli  tank 
design  may  be  exacted  to  be  sufficient  to  identify  the  superior  tank  dosifin 
features  in  the  present  instance  when  ijgnifdcaht  variations  in  wjor  tank 
design  features  are  ssaw^d, 

Discussion  of  Results 

It  must  bo  emphasised  that  the  superiority  is  ptated  only  in  term  of 
some  battle  result  that  It  has  been  agreed  will  indicate  superiority.  Clearly 
there  are  different  ospects  of  superior  performance.  For  example,  in  the 
preceding  calculations,  relative  tank  killing  power  has  been  used  as  indicating 
superiority.  Other  factors  could  have  boon  us  ml  in  its  place.  Thus,  superior 
Blue  performance  could  have  beep  measured  solely  in  terms  of  tha -destruction 
of  the  Rod  forces  regardless  Of  the  Blue  losses  sustained  in  the  attaok.  Or 
superior  Blue  tank  performance  Could  have  toon  taken  as  being  indicated  solely 
in  terms  of  the  number  of  Bluo  tanks  chat  tin  <  to  reach  ths  terrain  ob¬ 
jective,  3r  any  combination  of  thesa  feature*  e«uU  nave  been 
superior  performance.  The  purpose  of  this  feasibility  study  is  not  to  for,- .  —c 
the  oritsria  of  superior  perf  sr«iar.u#  but  *0  nr  .rid;;  i««irs9  for  simulating 
battle  so  aa  to  permit  identification  of  superior  performance  onoo  It  h&- 
defined, 

Conclusion 

Tho  HoiHb  Carlo  teolmlqu#  enables  a  very  large  nusfcar  of  buttle  faotora 
to  be  introduced  into  a  fsaniblo  anftlyslti  of  the  performance  of  alternative 
weapons  and  wnapone  systems ,  The  number  of  battle  factors  warrants  deigns* 
tion  of  the  computing  system  as  a  battle  simulator, 
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